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CLOZAPINE AND COCAINE EFFECTS ON DOPAMINE AND 
SEROTONIN RELEASE IN NUCLEUS ACCUMBENS DURING 
PSYCHOSTIMULANT BEHAVIOR AND WITHDRAWAL 

This application claims the benefit of U.S. Provisional Patent 
Application Serial No. 60/526,833, filed on December 4, 2003. 

STATEMENT OF GOVERNMENT SUPPORT 

This invention was made, at least in part, with government 
support including Award No. SO 6 GM 08168 from the National Institutes Of 
Health (NIH/NIGMS). Therefore, the U.S. government has certain rights in 
the invention. 

FIELD OF THE INVENTION 

[0001] The present invention provides methods of treating cocaine- 
induced psychosis by administering an atypical antipsychotic compound in 
an amount sufficient to increase serotonin concentration in the nucleus 
accumbens of a mammal. According to the invention, atypical antipsychotic 
compounds include, without limitation, clozapine, risperidone, olanzepine, 
quetiapine, ziprasidone, sertindole, ketanserin, aripiprazole, and haloperidol, 
flupenthixol, thioridazine, loxapine, fluspirilene, and sulpiride. The present 
invention further provides methods for real time neuromolecular imaging 
(NMI) of changes in neurotransmitter concentrations in vivo. In one 
embodiment of the invention, neuromolecular imaging may be performed 
before, during or after cocaine , administration and/or cocaine-induced 
psychosis; 

BACKGROUND OF THE INVENTION 

[0002] Addiction and Psychoses: We continue to strategize possible 
pharmacotherapies for cocaine-induced psychosis by studying the effects of 
a variety of typical and atypical antipsychotic medications on cocaine- 
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induced heurochemistry and psychomotor stimulant behavior. The 
hypothesis derives from similarities between schizophrenic and cocaine 
psychosis, similarities which are being reported in the clinical literature at an 
alarming rate (Sherer et al M 1988; Brady et al., 1991; Mitchell and Vierkant, 
1991; Nambudin and Young, 1991; Satel and Edell, 1991; Mendbza et al., 
1992; Miller et ah, 1992; Taylor and Staby, 1992; Tueth, 1993; Lysaker et 
al., 1994; Rosse et al., 1994; Rosenthal and Miner, 1997; Serper et al., 
1999; Harris and Batki, 2000). Cocaine psychosis is a major 
psychppathology (Satel et al., 1991) and hyperfunction of DA-ergic systems 
is a critical element in cocaine-induced psychosis (Lieberman et al., 1990). 
Too, what complicates the situation further, are data which show that about 
50% of the patients who suffer from schizophrenia have also been 
substance abusers at some time during their illness. Actually, schizophrenic 
patients are reported to feel the need to alleviate their psychosis by self- 
treating with reinforcing drugs (Mueser et al., 1995; Buckley, 1998). 

[0003] Psychomotor Stimulant Animal Model of Addiction and 
Psychosis: One way to strategize such treatments for cocaine addiction and 
psychosis is to reverse certain elements of the disorders by utilizing 
laboratory studies in animals (McKinney, 1989). The strategy is reasonable 
especially since data from animal studies of stimulant psychosis and human 
schizophrenic psychosis share the same neurochemical and behavioral 
manifestations (Wise and Bozarth, 1987; Gawin et al., 1989; Margolin et al., 
1995; Wise, 1995). Also, because cocaine is self-administered, universally 
across species (Risner and Jones, 1980; Fischman, 1984), it is highly likely 
that similar universal underlying reward mechanisms and mechanisms of 
consequent adverse symptomatology are similar from species to species. 

[0004] The animal model of psychomotor stimulant behavior for 
cocaine addiction and psychosis has been validated by using this model to 
correlate antipsychotic medications and DA-ergic neuroanatomy pathways, 
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e.g., but not exclusively, typical antipsychotics act through -DA within 
nigrostriatal pathways and atypical antipsychotics act through DA and 5-HT 
within mesolimbic and mesocorticolimbic pathways (Cools and van Rossum, 
1970; Costall and Naylor, 1973; Kelly et al, 1975; Pijnenburg etal., 1975; 
Wise and Bozarth, 1987; Broderick, 2001). Human data support these 
animal data. (Gawin and Kleber, 1986a; Gawin and Kleber, 1986b; Gawin 
et al., 1989; Meltzer, 1989). Hence, the psychomotor stimulant animal 
model has become an accepted model to study cocaine psychosis, albeit 
limited to certain aspects of the disease. An accepted neuroanatomic site 
for testing reversal of positive symptoms of psychosis is within NAcc, 
mesolimbic nerve terminals (Weinberger et al., 1992). 

[0005] Cocaine, Monoamine Transporters and Release Mechanisms: 
Cocaine has a high affinity for monoamine transporters, and via these 
transporters, reuptake of monoamines into presynaptic nerve terminals is 
inhibited (Koe, 1976; Izenwasser et al., 1990); interestingly, certain 
subjective reward and jittery effects from cocaine have recently been 
associated with these monoamine transporters (Hall et al., 2002). In 
addition, cocaine has been shown to be dependent on stimulated release 
mechanisms (Ng et al., 1991) and on basal release mechanism by using the 
DA impulse flow inhibitor, gamma butyrolactone (yBL) (Broderick, 1991b). 
Although cocaine is not a direct receptor acting agonist, enhancement of DA 
neurotransmission may also be provided adjunctly through indirect activation 
of DA receptors, i.e., Di and D 2 (Spealman etal., 1992; Wise, 1995). 

[0006] Cocaine, Monoamine Concentrations and Reward 
Mechanisms: Cocaine increases DA concentrations in mesolimbic neuronal 
circuits and the evidence suggests that the mechanism underlying cocaine's 
rewarding effect' involves hyperfuriction of the mesolimbic DA system, 
particularly in Ai 0 nerve terminals, NAcc (Hernandez and Hoebel, 1988; 
Kalivas and Nemeroff, 1988; Broderick, 1991a; Broderick, 1992b; Brown et 
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al., 1991) and in A10 somatodendrites, ventral tegmental area (VTA) 
(Einhorn et al., 1988; Bradberry and) Roth, 1989; Kalivas and Duffy, 1990; 
Broderick, 1992a; Kalivas, 1993). There is a general consensus from both 
clinical and preclinical studies that DA mediates the rewarding effects of 
cocaine (de Wit and Wise, 1977; Roberts et al., 1977; Roberts and Koob, 
1982; Wise and Bozarth, 1987; Gawin et al., 1989; Wise and Rompre, 1989; 
Lieberman et al., 1990; Wise, 1995; Tsibulsky et al., 1998). 

[0007] Cocaine increases 5-HT concentrations in A10 terminals, NAcc, 
after single administration (Bradberry et al;, 1993; Broderick et al., 1993). 
Sensitized 5-HT efflux in NAcc occurs after repeated cocaine administration 
(Parsons and Justice, 1993) and cocaine-increases 5-HT release induced 
by electrical stimulation of A10 neurons, in vitro (Chen and Reith, 1993). 
Importantly, when 5-HT concentrations are deficient, such as in the Fawn- 
Hooded laboratory rat, cocaine-induced increases in 5-HT release are 
attenuated (Hope et al., 1995). Consistent with increased concentrations of 
5-HT after cocaine, cocaine inhibits 5-HT reuptake in vitro (Ross and Renyi, 
1969) and more recent studies have shown that cocaine inhibits 5-HT 
reuptake specifically in NAcc (Galloway, 1990). Also consistent with 
increased concentrations of 5-HT after cocaine, cocaine represses impulse 
frequency rates in vivo and in vitro in 5-HT somatodendrites, DR 
(Cunningham and Lakoski, 1988; Pan and Williams, 1989). Furthermore, 5- 
HT-cocaine interactions have been associated with transporter mechanisms 
(Reith et al., 1983; Carroll et al„.1993; Hall et al, 2002). 

[0008] Nonetheless, a precise association between 5-HT and brain 
reward remains to be determined. Dietary l-tryptophan, a 5-HT precursor, 
and fluoxetine, a 5-HT reuptake inhibitor, have been reported to reduce 
cocaine self administration (Carroll et al., 1990a,b; McGregor et al., 1993; 
Peltier et al., 1994) and depletion of forebrain 5-HT with 
parachlorophenylalanine (PCPA) facilitates cocaine self-administration (Loh 
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and Roberts, 1990; Richardson and Roberts, 1991). However, there are 
studies which are discrepant from these previous studies (Porrino et al., 
1989). Also, self-stimulation studies, using 5^HT2A antagonists and mixed 
DA2/5-HT2A antagonists, have suggested no involvement between 5-HT2A, 
brain stimulation and cocaine stimulation reward (Ramana and Desiraju, 
1989; Frank et al., 1995; Moser et al., 1995; Tsibulsky et al., 1998). 
Particularly relevant is a possible interpretation from the latter studies, that 
atypical antipsychotics may not affect the regulation of positive affect while 
still blocking neurochemical and behavioral effects of cocaine which may 
lead to psychosis. 

[0009] Cocaine, Monoamines and Psychomotor Stimulant Behavior. 
(ntra-NAcc infusions of cocaine mimics the hyperlocomotor effects of 
cocaine (Delfs et al., 1990) and the DA mesolimbic pathway has been 
directly implicated in the behavioral effects of cocaine (Kalivas and 
Nemeroff, 1988). Manipulations of 5-HT modulate the locomotor stimulant 
effects of cocaine (Walsh and Cunningham, 1997). Cocaine increases 5-HT 
in DA mesolimbic pathways simultaneously with increased locomotion, but 
the temporal pattern is disrupted compared with 5-HT increases with 
exploratory activity (Broderick, 2001). Specific 5-HT receptor mediation has 
been shown to correlate with open-field locomotion, e.g., local application of 
5-HT and 5-HT 1A agonist, 8-OH-DPAT into median raphe nuclei causes 
hyperactivity (Hillegaart et al., 1989) and 8-OH-DPAT, has been shown to 
upmodulate cocaine-induced psychostimulant behavior (De La Garza and 
Cunningham, 2000). Specific 5-HTza and 5-HT 2C receptor mediation has 
been shown to correlate with Cocaine-induced hyperactivity (McMahon and 
Cunningham, 2001; McMahon et al., 2001; Filip and Cunningham, 2002). . 

[0010] Monoamine Interactions, Basis for Cocaine Mechanisms: 
Turnover of DA is altered in NAcc when the 5-HT somatodendrites, DR, are 
electrolytically lesioned and these interactions modulate locomotion (Costall 
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et al., 1976; Herve et ah, 1979; Costall et al M 1990). Somatodehdrites for 
DA, VTA, contain dense networks of 5-HT axonal varicosities. (Steinbusch, 
1981; Herve et al., 1987; Van Bockstaele et al., 1994; Broderick and Pheiix, 
1997) and axons in NAcc core and shell exhibit overlapping of tyrosine 
hydroxylase (TH) and 5-HT (Van Bockstaele and Pickel, 1993'; Pheiix and 
Broderick, 1995). 

[0011] Pharmacotherapies for Psychoses: Pharmacotherapies for 
cocaine psychosis are virtually non-existent. Thus far, clinicians are relying 
for therapy on antipsychotic medications and reasonably so because, as 
mentioned previously, neurochemical and behavioral similarities exist 
between schizophrenic and cocaine psychosis. Our main focus, then, is 
also in treatment strategies for cocaine based on antipsychotics, particularly 
in the area of atypical antipsychotic medications due to their dual 
interactions on dopamine (DA) and serotonin (5-HT) in DA neuronal 
pathways primarily in the mesolimbic/mesocorticolimbic Ai 0 neuronal 
circuitry; this now well-known 5-HT 2 /DA 2 receptor affinity in the A i0 circuit, 
helps to alleviate both positive and negative symptoms of psychosis in 
addition to being mood enhancers (Meltzer, 1989; Meltzer, 1992). The 
leading hypothesis for the mechanism of action of these newer generation, 
atypical antipsychotic agents, is the presence of a high 5-HT-to-DA receptor 
blockade ratio in mesolimbic and mesocorticolimbic neural circuits. When 5- 
HT-ergic activity is blocked as is the case with many atypical antipsychotics, 
DA inhibition of DA release is also blocked, consequently, increasing 
presynaptic DA release and balancing DA blockade at postsynaptic receptor 
sites. The final result is less risk for EPS (Glazer, 2000). 

[0012] Clozapine: Clozapine is considered to be the prototype of the 
atypical antipsychotics as it was the first to be recognized as having few if 
any EPS, not causing tardive dyskinesia or Parkinson's side effects 
including dystonia (Lieberman et al., 1989; Parsa stall; 1991). It is 
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interesting that clozapine is. not generally a first line defense drug against 
schizophrenia, but clozapine is especially effective for treating drug-resistant 
schizophrenia, when typical antipsychotics have failed the patient (Kane et 
al., 1988; Ranjan and Meltzer, 1996). Clozapine does not produce 
catalepsy (Kruzich and See, 2000). On the other hand, it is well known that 
clozapine may produce agranulocytosis in .0.5-2% of patients; blood serum 
levels must be monitored weekly for the first six months. Sedation and 
weight gain, are limiting factors in clozapine treatment (Stahl, 2000). 

[0013] The varied effects of clozapine may come about because the 
receptor binding profile for clozapine is complex. Clozapine binds to the 
following receptors: 5-HTi A , 5-HTza, 5-HT 2C , 5-HT 3 , 5-HT 6 , 5-HT 7 , DAi, DA 2> 
DA 3 , DA4, Mi, Hl a, anda 2 (Schotte et aL, 1993; Brunello et al., 1995; 
Pere, 1995; Schotte et al., 1996; Stahl, 2000). Clozapine has high affinity 
for 5HT2A receptors and low affinity for DA 2 receptors (Meltzer, 1991; 
Meltzer and Nash, 1991; Meltzer, 1999; Meltzer et al., 1992). Of the 
occupancy ratios for atypical antipsychotic medication, clozapine has the 
lowest occupancy for DA 2 receptors (Meltzer et al., 1992;Kapur and 
Remington, 2001). 

[0014] Clozapine/Cocaine: Clozapine is an excellent candidate to 
test reversal of cocaine's effect, not only because of low DA receptor 
occupancy which is thought to reduce EPS, but also because clozapine is 
prescribed for cocaine addiction with reasonable success, i.e., clozapine 
pretreatmept diminishes subjective responses to cocaine, including 
expected high and rush responses (Farren et al., 2000). In another study, 
pretreatment with clozapine has been shown to alleviate cocaine abuse in 
more than 85% of active substance (cocaine) abusers (Zimmet et al., 2000). 
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SUMMARY OF THE INVENTION 

[0015] The present invention provides methods of treating cocaine- 
induced psychosis by administering an atypical antipsychotic compound in 
an amount sufficient to increase serotonin concentration in the nucleus 
accumbens of a mammal. According to the invention, atypical antipsychotic 
compounds include, without limitation, clozapine, risperidone, olanzepine, 
quetiapine, ziprasidone, sertiridole, ketanserin, aripiprazole, and haloperidol, 
flupenthixol, thioridazine, loxapine, fluspirilene, and sulpiride. The present 
invention further provides methods of increasing the level of serotonin in the 
nucleus accumbens of a mammal comprising administering an atypical 
antipsychotic compound in an amount sufficient to increase serotonin 
concentration in the nucleus accumbens. The invention further provides 
methods for microvoltammetric imaging of changes in neurotransmitter 
concentrations in vivo and in real time comprising contacting the cell, cells, 
tissue, tissues, or organ of interest with a BRODERICK PROBE® sensor, 
applying a potential to said BRODERICK PROBE® sensor; and monitoring a 
temporally and spacially resolved recording using neuromolecular imaging 
(NMI) and electrochemical circuits such as, for example, voltammetry. In 
one embodiment of the invention, neuromolecular imaging may be 
performed before, during or after cocaine administration and/or cocaine- 
induced psychosis. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] Figs. 1A-1C. Fig 1A: Day 1: Acute Studies: Effects of 
cocaine (Coc) and clozapine/cocaine (Cloz/Coc) combination on DA release 
in NAcc of fteely moving and behaving, Sprague-Dawley Rattus Norvegicus. 
Line graphs show Acute responses for DA. Axes: x axis, Pre-Drug denotes 
time for baseline values for DA, Post Drug denotes time after drug 
injection(s); y axis represents % change in DA produced by drug 
injection(s). Cocaine (N=5) increased DA (p<0.001). Results from 
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administration of clozapine/cocaine combined (N=6), show that clozapine 
blocked cocaine-induced DA during the 2 hr time course study (p<0.001). 

[0017] Fig 1B:Day 1: Acute Studies: Effects of cocaine (Coc) and 
clozapine/cocaine (Cloz/Coc) combination on 5-HT release in NAcc of freely 
moving and behaving, Sprague-Dawley Rattus Norvegicus. Line graphs 
show Acute responses for 5-HT. Axes: x axis, Pre-Drug denotes time for 
baseline values for 5-HT, Post Drug denotes time after drug injection(s); y 
axis represents % change in 5-HT produced by drug injection(s). Cocaine 
(N=5) increased 5-HT (p<0.001). Results from administration of 
clozapine/cocaine combined (N=6), show that clozapine blocked cocaine- 
induced 5-HT release during the 2 hr time course study (p<0.001). 

[0018] FigIC: Day!: Acute Studies: Effects of cocaine (Coc) and 
clozapine/cocaine (Cldz/Coc) combination on Locomotion (Ambulations) 
in freely moving and behaving, Sprague-Dawley Rattus Norvegicus. Line 
graphs show Acute responses for Locomotion. Axes: x axis, Pre-Drug 
denotes time for baseline values for locomotion, Post Drug denotes time 
after drug injectioh(s); y axis represents change in frequency for locomotion 
produced by drug injection(s). Cocaine (N=5) increased locomotion over 
baseline (p<0.001). Results from clozapine/cocaine combined (N=6), show 
that clozapine blocked cocaine-induced locomotion during the 2 hr time 
course study (p<0.001). 

[0019] Figs. 2A-2C. Fig 2A: Day 2: Subacute Studies: Effects of 
cocaine (Coc) and clozapine/cocaine (Cloz/Coc) combination on DA release 
in NAcc of freely moving and behaving, Sprague-Dawley Rattus Norvegicus. 
Line graphs show Subacute responses for DA. Axes: x axis, Pre-Drug 
denotes' time for baseline values for DA from Day 1 studies (Acute), Post 
Drug denotes time for Day 2, DA values (Subacute), when no further drug 
was administered to drug groups (same animal control); y axis, % change in 
DA compared with baseline. On Day 2, in the cocaine group (N=5), DA 
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decreased from baseline (p<0.001), likely withdrawal related. Similarly, in 
the clozapine/cocaine group (N=6), DA decreased from baseline (p<0.001). 
There was no significant difference in DA effects between Subacute cocaine 
and clozapine/cocaine groups (p>0.05). Thus, the data suggest that DA- 
related cocaine withdrawal responses, Subacutely, may not be affected by 
clozapine. 

[0020] Fig 2B: Day 2: Subacute Studies: Effects of cocaine (Coc) 
and clozapine/cocaine (Cloz/Coc) combination oh 5-HT release in NAcc of 
freely moving and behaving, Sprague-Dawley Rattus Norvegicus. Line 
graphs show Subacute responses for 5-HT. Axes: x axis, Pre-Drug 
denotes time for baseline values for 5-HT from Day 1 studies (Acute), Post 
Drug denotes time for Day 2, 5-HT values (Subacute), when no further drug 
was administered to drug groups (same animal control); y axis, % change 
in 5-HT from baseline. On Day 2, in the cocaine group (N=5), 5-HT 
decreased from baseline at the 15 min mark and during the second part of 
the 1 hr time course (p<0.05), likely reflecting 5-HT-related cocaine 
withdrawal effects. However, in the clozapine/cocaine group (N=6), 5-HT 
increased above baseline (p<0.001). There, was a significant difference 
between Subacute cocaine versus clozapine/cocaine groups (p<0.001). 
The data suggest that clozapine, which has a longer pharmacokinetic half- 
life than does cocaine, may have reversed the 5-HT-related withdrawal 
effects of cocaine. 

[0021] Fig2C: Day 2: Subacute Studies: Effects of cocaine (Coc) 
and clozapine/cocaine (Cloz/Coc) combination on Locomotion 
(Ambulation) in freely moving and behaving, Sprague-Dawley Rattus 
Norvegicus. Line graphs show Subacute responses for Locomotion. 
Axes: x axis, Pre-Drug denotes time for baseline values for locomotion from 
Day 1 studies (Acute), Post Drug denotes time for Day 2, locomotor values 
(Subacute), when no further drug was administered to drug groups (same 
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animal control); y axis represents change in frequency of locomotor counts 
compared with baseline. On Day 2, in the cocaine group (N=5), locomotion 
was increased over baseline values (p<0.05). In the clozapine/cocaipe 
group (N=6)i locomotor counts showed no change from (Day 1) baseline 
(p>0.05). There was a significant difference between Subacute values in 
the cocaine group versus the clozapine/cocaine group (p<0.05). Due to 
clozapine's longer-lived pharmacokinetic properties, clozapine-induced 
sedation may be the mechanism for continued, diminished locomotion 
during Subacute (Day 2) studies. 

[0022] Figs. 3A-3N summarize the results of a comparison study of 
clozapine and ketanserin, description of a recording, an example of a 
BRODERICK PROBE® sensor, and a schematic of the technology of 
neuromolecular imaging. Fig. 3A Introduction. Fig. 3B methods. Fig. 3C 
drugs. Fig. 3D an example of the BRODERICK PROBE®. Fig. 3E 
; microvoltammetry diagram. Fig. 3F typical voltammogram. Figs. 3G-3L 
results. Fig. 3M conclusions: acute studies. Fig. 3N conclusions: subacute 
studies. 

[0023] Figs. 4A-4D. Fig 4A: Day 1: Acute Studies: Effects of 
risperidone, cocaine and risperidone/cocaine combination on DA release in 
NAcc of freely moving and behaving, Sprague-Dawley Rattus Norvegicus. 
Line graphs show Acute responses for DA. Axes: x axis, Pre-Drug denotes 
time for baseline values for DA, Post Drug denotes time after drug 
injection(s); y axis represents % change in DA produced by drug 
injection(s). Risperidone (N=5) and cocaine (N=4) increased DA [(p < 
0.001), (p < 0.01) respectively]. Results from administration of 
risperidone/cocaine combined (N=4), show that risperidone blocked 
cocaine-induced DA during the first hr of study (p < 0.01). 

[0024] Fig 4B: Day 1 :Acute Studies: Effects of risperidone, cocaine 
and risperidone/cocaine combination on 5-HT release in NAcc of freely 
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moving and behaving, Sprague-Dawley Rattus Norvegicus. Line graphs 
show Acute responses for 5-HT. Axes: x axis, Pre-Drug denotes time for 
baseline values for 5-HT, Post Drug denotes time after drug injection(s); y 
axis represents % change in 5-HT produced by drug injection(s). 
Risperidone (N=5) and cocaine (N=4) increased 5-HT (p<0.001). Results 
from administration of risperidone/cocaine combined (N=4), show that 
risperidone blocked cocaine-induced 5-HT release during the 2 hrs of study 
(p<0.001). 

[0025] Fig 4C: Day 1:Acute Studies: Effects of risperidone, cocaine 
and risperidone/cocaine combination on Locomotion (Ambulations) in 
freely moving and behaving, Sprague-Dawley Rattus Norvegicus. Line 
graphs show Acute responses for Locomotion. Axes: x axis, Pre-Drug 
denotes time for baseline values for locomotion, Post Drug denotes time 
after drug injection(s); y axis represents change in frequency for locomotion 
produced by drug injection(s). Risperidone (N=5) did not affect locomotion 
(p>0.05) and cocaine (N=4) increased locomotion over baseline (p<0.001). 
Results from risperidone/cocaine combined (N=4), show that risperidone 
blocked cocaine-induced locomotion during the 2 hr period of study 
(p<0.001). 

[0026] Fig 4D: Day 1:Acute Studies: Effects of risperidone, cocaine 
and risperidone/cocaine combination on Stereotypy (Fine Movements: 
Sniffing and Grooming) in freely moving and behaving, Sprague-Dawley 
Rattus Norvegicus. Line graphs show Acute responses for Stereotypy. Axes: 
x axis, Pre-Drug denotes time for baseline values for stereotypy, Post Drug 
denotes time after drug injection(s); y axis represents change in stereotypic 
counts produced by drug injection(s). Risperidone (N=5) did not affect 
stereotypy (p>0.05) and cocaine (N=4) increased stereotypy over baseline 
(p<0.001). Results from risperidone/cocaine combined (N=4)> show that 
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risperidone blocked cocaine-induced stereotypy during the 2 hr period of 
study (p<0.001). 

[0027] Figs. 5A-5D. Fig 5A: Day 2: Subacute Studies: Effects of 
risperidone, cocaine and risperidone/cocaine combination on DA release in 
NAcc of freely moving and behaving, Sprague-DaWley Rattus Norvegicus. 
Line graphs show Subacute responses for DA. Axes: x axis, Pre-Drug 
denotes time for baseline values for DA from Day 1 studies (Acute), Post 
Drug denotes time for Day 2, DA values (Subacute), when no further drug 
was administered to drug groups (same animal control); y axis, % change 
in DA compared with baseline. On Day 2, in the risperidone group (N=5), 
DA was not different from baseline (p > 0.05). However, in the cocaine 
group (N=4), DA decreased from baseline, (p < 0.001), likely withdrawal 
related. In the risperidone/cocaine group (N=4), DA-related cocaine 
withdrawal effects were reversed (p<0.001), possibly via risperidone. 

[0028] Fig 5B: Day 2: Subacute Studies: Effects of risperidone, 
cocaine and risperidone/cocaine combination on 5-HT release in NAcc of 
freely moving and behaving, Sprague-Dawley Rattus Norvegicus. Line 
graphs show Subacute responses for 5-HT. Axes: x axis, Pre-Drug denotes 
time for baseline values for 5-HT from Day 1 studies (Acute), Post Drug 
denotes time for Day 2, 5-HT values (Subacute), when no further drug was 
administered to drug groups (same animal control); y axis, % change in 5- 
HT from baseline. On Day 2, in the risperidone group (N=5), 5-HT was 
increased (p < 0.001). However, 5-HT decreased from baseline at specific 
time points (15, 20, 50 and 55 min (p < 0.05) in the cocaine group (N=4), 
reflecting 5-HT-related cocaine withdrawal effects. In the 
risperidone/cocaine group (N=4), 5-HT returned to baseline, suggesting a 
reversal of 5-HT-related cocaine withdrawal effects possibly by risperidone, 
but, there was no significant difference between Subacute cocaine versus 
risperidone/cocaine groups (p > 0.05). 
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[0029] Fig 5G: Day 2: Subacute Studies: Effects of risperidone, 

cocaine and risperidone/cocaine combination on Locomotion (Ambulation) in 
freely moving and behaving, Sprague-Dawley Rattus Norvegicus. Line 
graphs show Subacute responses for Locomotion. Axes: x axis, Pre-Drug 
denotes time for baseline values for locomotion from Day 1 studies (Acute), 
Post Drug denotes time for Day 2, locomotor values (Subacute), when no 
further drug was administered to drug groups (same animal control); y axis 
represents change in frequency of locomotor counts compared with 
baseline. On Day 2, in the risperidone group (N=5), locomotion was not 
affected (p > 0.05). In the cocaine group (N=4), locomotion was also not 
significantly affected (p > 0.05). In the risperidone/cocaine group (N=4), 
locomotor counts were still statistically insignificant when compared with 
baseline (p > 0.05). It is noteworthy that in all three groups, locomotor 
counts did increase above baseline in the first half hr of study. 

[0030] Fig 5D: Day 2: Subacute Studies: Effects of risperidone, 
cocaine and risperidone/cocaine combination on Stereotypy (Fine 
Movements, Sniffing and Grooming) in freely moving and behaving 
Sprague-Dawley Rattus Norvegicus. Line graphs show Subacute responses 
for Stereotypy. Axes: x axis, Pre-Drug denotes time for baseline values for 
stereotypy from Diay 1 studies (Acute), Post Drug denotes time for Day 2, 
stereotypy values (Subacute), when no further drug was administered to 
drug groups (same animal control); y axis represents change in frequency 
of stereotypic counts compared with baseline. Oh Day 2, in the risperidone 
group (N=5), stereotypy was increased above baseline (p < 0.05). In the 
cocaine group (N=4), stereotypy was not significantly affected compared to 
baseline (p > 0.05), slthough stereotypy increased above baseline during the 
study. Similarly to the data from the cocaine group, in the 
risperidone/cocaine group (N=4), stereotypy was also not altered compared 
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to baseline (p > 0.05), but stereotypic counts did increase above baseline 
during the study. 
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DETAILED DESCRIPTION OF THE INVENTION 

Clozapine Studies 
Summary 

[0031] There is an increasing awareness that a psychosis, similar to 
that of schizophrenic psychosis, can be derived from cocaine addiction. 
Thus, the prototypical atypical antipsychotic medication, clozapine, a 5- 
HT2/DA2 antagonist, was studied for its effects on cocaine-induced 
dopamine (DA) and serotonin (5-HT) release in Nucleus Accumbens (NAcc) 
of behaving Sprague Dawley laboratory rats with In Vivo Microvoltammetry, 
while animals 1 locomotor (forward ambulations), an A10 behavior, was 
monitored at the same time with infrared photobeams. Release 
mechanisms for monoamines, were determined by using a depolarization 
blocker, gamma-butyrolactone (yBL). BRODERICK PROBE® 
microelectrodes selectively detected release of DA and 5-HT within seconds 
and sequentially in A10 nerve terminals, NAcc. Acute and Subacute studies 
were performed for each treatment grotip. Acute studies are defined as 
single injection of drug(s) after a stable baseline of each monoamine and 
locomotor behavior has been achieved. Subacute studies are defined as 24 
hr follow-up. studies on each monoamine and locomotor behavior, in the 
same animal at which time, no further drug was administered. 

[0032] Results showed that (1) Acute administration of Cocaine (10 
mg/kg, i.p.) (N=5) significantly increased both DA and 5-HT release above 
baseline (p<0.001) while locomotion was also significantly increased above 
baseline (p<0.001). In Subacute studies, DA release decreased significantly 
below baseline (p<0.001) and significant decreases in 5-HT release 
occurred at the 15 min mark and at each time point during the second part 
of the hr (p<0.05); the maximum decrease in 5-HT was 40% below baseline. 
Locomotor behavior, on the other hand, increased significantly above 
baseline (p<0.05). (2) Acute administration of Clozapine/Cocaine (20 mg/kg 
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i.p. and 10 mg/kg i.p., respectively) (N=6) produced a significant block of the 
cocaine-induced increase in DA (p<0.001) and 5-HT release (p<0.001). 
Cocaine-induced locomotion was blocked simultaneously with each 
monoamine by clozapine as well (p<0.001). In Subacute studies. DA 
release continued to be blocked presumably via clozapine by exhibiting a 
statistically significant decrease (p<0.001), but 5-HT release increased 
significantly (p<0.001), while cocaine-induced locomotor activity also 
continued to be antagonized by clozapine, i.e., locomotor activity exhibited 
no difference from baseline (p>0.05). 

[0033] In summary, Acute studies (a) support previous data from this 
laboratory and others that cocaine acts as a stimulant on the monoamines, 
DA and 5-HT and on locomotor behavior as well and (b) show that 
clozapine, 5-HT 2 /DA 2 antagonist, blocked enhanced DA, 5-HT and 
psychomotor stimulant behavior induced by cocaine. Subacute studies (a) 
suggest that withdrawal responses occurred in the cocaine group, based on 
recorded deficiencies in monoamine neurotransmitters, (b) show that 
withdrawal effects in the cocaine group likely presynaptic, were 
distinguished from locomotor behavior, classically known to be mediated 
postsynaptically and finally, (c) suggest that clozapine, wth longer-lived 
pharmacokinetic properties, reversed 5-HT cocaine-related withdrawal 
effects, but was unable to reverse DA cocaine-related withdrawal 
responses. Taken together with data from this laboratory, in which the 5- 
HT2A/2C antagonist, ketanserin, affected cocaine neurochemistry in much the 
same way as did clozapine, a mediation by either separate or combined 5- 
HT2A/2C receptors for these clozapine/cocaine interactions, is suggested. 
Further studies, designed to tease out the responses of selective 5-HT2A and 
5-HT2C receptor compounds to cocaine and clozapine/cocaine, are 
underway. 
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Methods 

Drugs 

[0034] Clozapine was obtained from Sigma/Aid rich, St. Louis, MO, 
dissolved in distilled water, and the pH of the solution was adjusted to 2/7 
with citric acid powder. Cocaine was obtained from Sigma Aldrich, St. 
Louis, MO and dissolved in distilled water. 

Animals 

[0035] Animals were purchased from Charles River Laboratories, 
Kingston, NY and were housed in our animal care facilities for one to two 
weeks before surgery was performed. The Animal Care Facility operates 
under the auspices of the CUNY, City College Institutional Animal Care and 
Use Committee (IACUC) in compliance with National Institute of Health 
(NIH) guidelines. The weight range for the animals, at the time of the 
studies, was 350-475g. Animals were group housed before surgery, 
individually housed after surgery and fed Purina Rat Chow and water ad 
libitum. A twelve hr dark-light cycle was maintained both in the housing of 
the animals and throughout the experimental studies. 

Surgical Procedures and Implantation of Microelectrodes 

Protocols follow paradigm described in (Broderick et aL. 2003). 

[0036] Each animal was anesthetized with pentobarbital Na, (50 
mg/kg i.p., (dilute (6%) solution)) and stereotaxically implanted with a 
BRODERICK PROBE® indicator microelectrode in ventrolateral (vl) NAcc 
(AP=+2.6, ML=+2.5, DV=-7.3) (Pellegrino et aL, 1979). The stereotaxic 
equipment was purchased from David Kopf Instruments, Tujunga, CA. A 
Ag/AgCI reference electrode was placed in contact with dura, 7 mm 
anteriorally and contralateral^ to the indicator microelectrode. A stainless 
steel auxiliary microelectrode was placed in contact with dura. BRODERICK 
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PROBE® microelectrodes were manufactured on site. The BRODERICK 
PROBE® electrode is described in the following United States and 
international patents and applications: US. Patent No. 4,883,057; U.S. 
Patent No. 5,433,710; WO 91/02485; EP 0487647 B1; HK 1007350; CA 
2,063,607; U.S. Application Serial No. 10/118,571, and U.S. Provisional 
Patent Application No. 60/526,833, which are herein incorporated by 
reference in their entirety. 

[0037] Animals 1 body temperature was continuously monitored with a 
rectal probe and thermometer (Fisher Sci., Fadem, NJ). Body temperature 
was maintained at 37.5°C ± 0.5°C with an aquamatic K module heating pad 
(Amer. Hosp. Supply, Edison, NJ). Booster injections of pentobarbital Na 
were administered once after the first two hrs of surgery (0.10 cc) and once 
every subsequent hr (0.05 cc) to maintain an adequate level of anesthesia 
throughout surgery. The total time for surgery was three to four hrs. The 
indicator, reference, and auxiliary microelectrodes were held in place with 
dental acrylic (Jet Line, Lang Dental Inc., CA). Animals recovered in a 
bedded Plexiglas cage (dimensions: 12 in (width), 12 in (depth), 18 in 
(height)) after surgery and before the experimental studies began, with food 
and water ad libitum. The animals were treated with physiological saline 
(0.5 cc) immediately and for one to two days after surgery as needed. The 
antibiotic, chloramphenicol (50 mg/kg i.p.) was administered if needed. 

[0038] In vivo microvoltammetric studies on conscious Sprague- 
Dawley laboratory rats were begun nine to fifteen days after the aseptic 
surgical operations were performed. On each experimental day, the animal 
was placed in a Plexiglas-copper faradaic chamber. The three- 
microelectrode assembly, enclosed within the animal's prosthetic acrylic 
cap, was connected to a CV37 detector by means of a mercury commutator 
(Br. Res. Instr., Princeton, NJ), a flexible cable, and a mating connector 
(BJM Electronics, Staten Island, NY). The CV37 detector was electrically 
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connected to a Minigard surge suppresser (Jefferson Electric, Magnetek, 
NY) which was then connected to an electrical ground in isolation. Stable 
electrochemical signals for DA and 5-HT were evident before either (i) 
clozapine (20 mg/kg i.p.), (ii) cocaine (10 mg/kg i.p.) or (iii) combination of 
clozapine and cocaine (20 mg/kg i.p. and 10 mg/kg i.p., respectively) were 
administered. Each animal was used as its own control. Changes in 
synaptic concentrations of DA and 5-HT are presented as percent change 
(% of control) in order to minimize normal between-animal variations. 
Currents recorded were in the order of magnitude of pA or nA. In vivo 
microvoltammetric scans were recorded in sec and repeated every five min 
for a period of 2 hrs before each treatment and a period of two hrs after 
each treatment. 

In Vivo Microvoltammetry: Technology 

[0039] In Vivo Microvoltammetry with a semidifferential 
(semiderivative) circuit was used; a clear separation of the monoamine 
neurotransmitters, DA and 5-HT was achieved. Dopamine and 5-HT were 
detected within sec, in separate signals. Oxidation peak potentials (half- 
wave potentials) of +0.14 ± 0.015V and +0.29 ± 0.015V were characteristic 
for DA and 5-HT. Detailed methodology is published (Broderick, 1988; 
Broderick, 1989; Broderick, 1990; Broderick, 1991b; Broderick et al., 1993; 
Broderick, 1999; Broderick et al., 2000; Broderick, 2001; Broderick, 2002; 
Broderick and Pacia, 2003). The electrochemical signal for DA was 
detected without interference at the same oxidation potential, from 3-4- 
dihydroxyphenylacetic acid (DOPAC), homovanillic acid (HVA) and ascorbic 
acid (AA). Indeed, clear and separated signals are routinely achieved with 
BRODERICK PROBE® microelectrodes for AA, HVA and DOPAC. The 
Electrochemical signal for 5-HT was detected without interference at the 
same oxidation potential, from the 5-Ht metabolite, 5-hydroxyindoleacetic 
acid (5-HIAA) and uric acid (UA). Potentials were applied with a CV37 
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detector (BAS, West Lafayette, IN). Potentials were applied from -0.2V to 
+0.4V with respect to a Ag/AgCI (1M NaCI) electrode, at a scan rate of 10 
mV/sec at time constants of 5 and 1 tau. One scan was completed in 60 
sec. Non-faradaic charging current was eliminated in the first 25 sec. The 
neurotransmitters, DA and 5-HT, were detected in approximately 10-15 sec. 
and 10-12 sec, respectively with BRODERICK PROBE® stearic acid 
microelectrodes and 10-12 sec and 8-10 sec, respectively, with 
BRODERICK PROBE® lauric acid microelectrodes. The coulombic 
efficiency for the detection of 5-HT was two to three fold greater than that for 
DA (Broderick, 1987). 

[0040] Calibration curves were determined experimentally, in vitro, in 
a freshly prepared deoxygenated physiological saline-phosphate buffer 
solution (0.01 M, pH=7.4). We use ultra pure Nitrogen (N 2 ) (T.W. Smith 
Corp., Bklyn, NY) to deoxygenate the buffer solution. Solutions of DA and 
5-HT (99% purity, Sigma Aldrich, St. Louis, MO) as well as metabolites of 
the monoamines, were aliquoted into the buffer and the peak height of the 
electrochemical signals were correlated with specific nM and uM 
concentrations. Calibration studies were also performed in freshly prepared 
deoxygenated buffer solutions containing phosphotidylethanblamine (PEA), 
combined with bovine serum albumin (BSA) (Sigma Aldrich, St. Louis, MO), 
a solution which closely mimics brain constituents. These studies showed 
that lipid constituents of brain and not proteins, amplify the detection 
sensitivity of the indicator microelectrodes, supporting previous data which 
show that lipids amplify electrochemical signals detected by BRODERICK 
PROBE® microelectrodes; the phenomenon is termed The Lipid 
Amplification Number (LAN) (Broderick, 1999; Broderick et al., 2000). 
Surface Enhanced Raman Spectroscopy (SERS) and Raman Resonance 
(RR) techniques have correlated our findings on signal amplification by lipids 
(Foucault et al., 2002). Detection limits for basal synaptic concentrations of 
DA and 5-HT in NAcc were 12nM and 2nM respectively. Placement of 
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indicator microelectrodes in NAcc of each animal, was confirmed by the 
potassium ferrocyanide blue dot method, using a current of 50 mA for period 
of 30 sec. Virtually no damage to brain tissue occurred. Recording 
characteristics of microelectrodes were stable. 

Behavior 

[0041] Locomotor activity (ambulation) was monitored with infrared 
photobeams at the same time as DA and 5-HT release in NAcc was 
detected with BRODERICK PROBES® in conjunction with In Vivo 
Microvoltammetry. The chamber was faradaic, covered with copper to 
refract possible electrical artifacts (dimensions: 24 in (width) by 18 in 
(depth) by 23.5 in (height)). A 16 by 16 array of these infrared photobeams, 
were held in place by an aluminum frame which was situated 3/4 in above 
the Plexiglas floor of the chamber to detect locomotor activity. Photobeams 
were sampled by a Pentium computer to define the x-y position of the 
animal within a 1.5 in resolution every 100 msec. When an x-y position was 
calculated, it was used to define the frequency of locomotor activity in 
counts. The locomotor activity system is a modified version of an Activity 
Pattern Monitor (APM) (San Diego Instruments, San Diego, CA). Behavioral 
data is presented in absolute frequency, i.e., number of counts recorded. 

[0042] The first hr pre-drug allowed exploratory behavior. Exploratory 
behavior is defined as open-field behavior of ambulations (forward 
locomotion) wherein animals respond to the stimuli of a novel environment 
with high frequency of behavioral counts. The second hr pre-drug allowed 
the animal to become habituated before treatment. Habituation behavior is 
defined as a behavioral state in which: behavior exhibits reduced responses 
to novel stimuli; animals cease exploring or searching in their novel 
environment and maintain a steady-state response to novel stimuli. 

[0043] In the Acute studies, each drug was administered at the end of 
the habituation period. Baseline (control) values were taken every five min 
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for the last thirty min of the habituation period at which time drug injection(s) 
took place. Electrochemical recordings for DA and 5-HT release in NAcc, 
were continued for two hrs; at the same time, locomotor behavior continued 
to be monitored and recorded with infrared phofobeams. At the end of the 2 
hr drug(s) study, animals were then placed back in their home cages. 

[0044] In the Subacute studies, which took place twenty-four hrs later, 
the animals were again placed in the faradaic behavioral chamber and no 
further drug was administered. Recordings of separate electrochemical 
signals for DA and 5-HT release in NAcc, were taken for one hr; at the same 
time, locomotor behavior was monitored and recorded with infrared 
photobeams. 

Data Analysis 

[0045] Neurochemical and behavioral data, derived from the last thirty 
minutes of the habituation period, provided the baseline data. Statistically 
significant differences between baseline and post-drug injection(s) for (1) 
DA, (2) 5-HT and (3) locomotor behavior were determined by subjecting the 
data to One Way Analysis of Variance (ANOVA) (tested at criteria p=0.05), 
with subsequent application of the post hoc test, Tukey's Multiple 
Comparison Test. Where appropriate, data points in the time course were 
subjected to 95% Confidence Limits (C.L.). 
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Results 

[0046] F/q 1A: Day 1: Acute Studies: Effects of cocaine or 
clozapine/cocaine combination on DA release in NAcc : 

[0047] Cocaine : (open circles) Cocaine significantly increased DA 
release over baseline (habituation) values (One Way ANOVA: p<0.0001; 
F=51.17; df=3,56). Post hoc analysis showed that significant differences 
between pre-cocaine (baseline) and post-cocaine (same animal control) 
occurred as well (Tukey's Multiple Comparison Test: p<0.001, q=9.498). 

[0048] Clozapine/Cocaine : (closed circles) Clozapine significantly 
blocked the effects of cocaine on DA release (One Way ANOVA: p<0.0001 ; 
F=51.17; df=3,56). Post hoc analysis showed significant differences 
between cocaine and clozapine/cocaine groups (Tukey's Multiple 
Comparison Test: p<0.001, q=16.43). 

[0049] F/q 1B: Day 1: Acute Studies: Effects of cocaine and 
clozapine/cocaine combination on 5-HT release in NAcc : 

[0050] Cocaine : (open circles) Cocaine significantly increased 5-HT 
release over baseline (habituation) values (One Way ANOVA: p<0.0001; 
F=154.2; df=3,56). Post hoc analysis showed that significant differences 
between pre-cocaine (baseline) and post-cocaine (same animal control) 
occurred as well (Tukey's Multiple Comparison Test: p<0.001, q=16.19). 

[0051] Clozapine/Cocaine : (closed circles) Clozapine significantly 
blocked the effects of cocaine on 5-HT release (One Way ANOVA: 
p<0.0001; F=154.2; df=3,56). Post hoc analysis showed significant 
differences between cocaine and clozapine/cocaine groups (Tukey's 
Multiple Comparison Test: p<0.001, q=28.98). 

[0052] F/q 1C: Day 1: Acute Studies: Effects of cocaine and 
clozapine/cocaine combination on Locomotion (Ambulations) : 
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[0053] Cocaine: (open circles) Cocaine significantly increased 
locomotor activity (ambulations) over baseline (habituation) values (One 
Way ANOVA: p<0.0001; F=13.06; df=3,56). Post hoc analysis showed that 
significant differences between pre-cocaine (baseline) and post-cocaine 
(same animal control) occurred as well (Tukey's Multiple Comparison Test: 
p<0.01,q=5.688). 

f 0054 ! Clozapine/Cocaine: (closed circles) Clozapine significantly 
blocked the effects of cocaine on locomotor activity (One Way ANOVA: 
p<0.0001, F=13.06; df=3,56). Post hoc analysis showed significant 
differences between cocaine and clozapine/cocaine groups (Tukey's 
Multiple Comparison Test: p<0.001, q=7.784). 

[° 055 1 Ei9. 2A: Day 2: Subacute Studies: Effects of cocaine nr 
clozapine/ cocaine combination on DA release in NAcc : 

[0056] Cocaine: (open circles) During the Subacute studies, when no 
further cocaine was administered, DA release in NAcc significantly 
decreased from baseline (habituation) values (from a significant increase) 
(One Way ANOVA: p<0.0001; F=106.3; df=3,30). Post hoc analysis 
showed that significant differences occurred between baseline (Day1) and 
(Day2) values (same animal control) (Tukey's Multiple Comparison Test: 
p<0.001, q=18.99). Compared to drug effect on Day 1, DA release was 
decreased dramatically by about 80% during the hr period of study. 

I° 057 l Clozapine/Cocaine: (closed circles) During the Subacute 
studies, when no further drug(s) were administered, DA release in NAcc 
significantly decreased from baseline (habituation) values (One Way 
ANOVA: p<0 r 0001; F=106.3; df=3,30). Post hoc analysis showed that a 
significant difference occurred between baseline (Day!) and (Day2) values 
(same animal control). (Tukey's Multiple Comparison Test: p<0.001, 
q=16.48). A significant difference between cocaine and clozapine/cocaine 
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(Day2) groups did not occur (Tukey's Multiple Comparison Test: p>0.05, 
q=16.48). 

[0058] Fig 2B: Day 2: Subacute Studies: Effects of cocaine or 
clozapine/cocaine combination on 5-HT release in NAcc : 

[0059] Cocaine : (open circles) During the Subacute studies, when no 
further cocaine was administered, 5-HT release in NAcc was decreased 
below baseline (Day1) values compared to (Day2) values, at specific time 
points during the time course of the 1 hr study, i.e., at the 15 min mark and 
at each time point in second part of the hr (p<0.05); (One Way ANOVA: 
p<0.0001 ; F=38.99; df=3,30), although the post hoc analysis did not show 
statistical significance for the hr (Tukey's Multiple Comparison Test: p>0.05, 
q=3.225). Compared to drug effect on Day1 , 5-HT release was decreased 
dramatically by approximately 150% in the second half hour of the study. 

[0060] Clozapine/Cocaine : (closed circles) During the Subacute 
studies, when no further drug(s) were administered, 5-HT release in NAcc 
was significantly increased above (Day1) baseline values (One Way 
ANOVA: p<0.0001; F=38.99; df=3,30), Post hoc analysis showed significant 
differences between baseline (Day!) and (Day2) values (same animal 
control) (Tukey's Multiple Comparison Test: p<0.001, q=7.704). Significant 
differences occurred between cocaine (Day2) and clozapine/cocaine groups 
(Day2) (Tukey's Multiple Comparison Test: p<0.001, q=14.90). 

[0061] Fig 2C: Day 2: Subacute Studies: Effects of cocaine or 
clozapine/cocaine combination on Locomotion (Ambulations) : 

[0062] Cocaine : (open circles) During the Subacute studies, when no 
further cocaine was administered, locomotor activity on (Day2) was 
significantly increased over baseline (Day1 ) values (One Way ANOVA: 
p<0.0186; F=3.843; df=3,32). Post hoc analysis showed that significant 
differences occurred between baseline (Day1) and (Day2) values (same 
animal control) (Tukey's Multiple Comparison Test: p<0.05, q=3.925). 
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Nonetheless, locomotor activity decreased by 250 counts when compared 
with (Day 1) effects of cocaine-induced psychomotor stimulation. 

[0063] Clozapine/Cocaine : (closed circles) During the Subacute 
studies, when no further cocaine or clozapine were administered, locomotor 
activity remained significantly decreased (One Way AN OVA: p<0.0186; 
F=3.843; df=3,32). Post hoc analysis showed that no significant differences 
occurred between baseline (Day!) and (Day2) values (same animal control) 
(Tukey's Multiple Comparison Test: p>0.05, q=0.03647). Moreover, (Day2) 
cocaine and clozapine/cocaine groups did significantly differ (Tukey's 
Multiple Comparison Test: p<0.05, q=3.846). 

[0064] In all groups, additional saline controls had no effect. 

Discussion 

[0065] Cocaine, Monoamines and Psychomotor Stimulant Behavior: 
Acute Studies: We have extended our work from two recent articles on the 
effects of cocaine on DA and 5-HT release in NAcc of freely moving and 
behaving laboratory rats WHILE monitoring cocaine-induced psychomotor 
stimulant behavior simultaneously. Comparing the present data to the first 
of these recent papers (Broderick et ah, 2003),' we have simply added 
animals to our cocaine group. Comparing the present data to the second of 
these recent papers (Broderick and Piercey, 1998b), an entirely different 
group of animals was utilized. The results from all three studies from our 
laboratory were equivalent, i.e., increased DA, 5-HT release in NAcc 
occurred with increased psychomotor stimulant behavior (Broderick, 2001; 
Broderick et al.i 2003). 

[0066] Cocaine, Monoamines and Psychomotor Stimulant Behavior 
Subacute Studies: Cocaine studies in the Subacute group were also 
extended by increasing the number of animals above what was used in our 
previous studies (Broderick et aL, 2003); again, the results were equivalent. 
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When no further drug was administered, there was a significant decrease in 
DA release in NAcc and significant decreases in 5-HT release during 
specific points in the time course data. The data are in agreement with 
several reports (Parsons et al., 1995; Parsons et al., 1996; Broderick et al., 
1997). In addition, the data agree with a previous report showing long- 
lasting effects after a single moderate dose of cocaine (Zahniser et al., 
1988). Behavioral activity maintained an increase at the same time that 
accumbens DA and 5-HT release were decreased, thereby suggesting 
dissociative function between behavior classically known to be mediated via 
DA 2 postsynaptically and monoamine release and reuptake inhibitory 
mechanisms, presynaptically. 

[0067] The subacute data suggest that these monoamine deficiencies 
may be associated with symptoms of withdrawal and the data agree with 
clinical reports of DA-ergic systems and craving (Dackis and Gold, 1985; 
Gawin and Kleber, 1986a; Gawin and Kleber, 1986b; Lieberman et al., 
1990; Margolin et al., 1995). Neuroadaptation may be occurring as reported 
in animal studies (Koob and Nestler, 1997; Broderick, 2001) because neither 
the short pharmacokinetic half-life of cocaine nor that of its metabolites, 
provides a rational explanation (Misra et al., 1974a,b; Nayak et al., 1976; 
Mets et al., 1999; Sun and Lau, 2001). Of course, another plausible 
explanation though, is one provided by others, that transient compensatory 
changes take place a day after cocaine cessation (Zahniser et al., 1988). 

[0068] Cocaine, Monoamine Interactions, Possible Mechanisms: 
Classical cocaine mechanisms point to a postsynaptic DA£ release with 
additional DA release derived presynaptically from DA somatbdendrites, 
VTA. Current thinking on the mechanism of action of cocaine points to a 
DA/5-HT interaction in DA mesolimbic circuits. A postsynaptic 5-HT-ergic 
upmodulation of DA in NAcc has been implicated; the 5-HT2A/2C receptor has 
been shown to upmodulate DA release in NAcc after intermittent cocaine 
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(Yan et al M 2000) and endogenously, as well (Yan, 2000). Local application 
(infusion) of [(+/-) - 2,5-dimethoxy-4-iodoamphetamine hydrochloride] (DOI), 
a 5-HT 2A/2C agonist, was infused into NAcc to increase DA which was 
subsequently blocked by ketanserin, a S-HT^c antagonist. Furthermore, 
infusion of DOI in NAcc was antagonized by the selective S-HT^b receptor 
antagonist, SB 206553, but not by the selective 5-HTaA antagonist, SR 
46349B (Lucas and Spampinato, 2000), suggesting that DA increases in 
NAce after infusion of DOI may be due to a mediation by the 5-HT 2C 
receptor. 

[0069] However, prematurely pointing specifically to the 5-HT 2C 
receptor for cocaine's mechanism of action may present a limitation because 
local application (infusion into NAcc) of 5-HT 2C receptor agonists did not 
alter basal locomotor activity nor mimic the stimulus effects of cocaine 
(McMahon et al., 2001; Filip and Cunningham, 2002). Also, a recent report 
shows that a 5-HT2A receptor mediation is prominent in blocking cocaine- 
induced locomotor activity (McMahon and Cunningham, 2001). Therefore, 
the mechanism of action of cocaine is probably dually directed, i.e., via 
classical DA 2 and currently explored 5-HTWDA2 receptor circuits. 
[0070] Although studies by Di Matteo et al., 1999, do not address 
cocaine, the data do importantly show the direct autoreceptor properties of 
selective 5-HT 2C receptor compounds viz a viz the effects of these 
compounds when locally applied by infusion. Thus, the selective 5-HT 2C 
antagonist, SB 242084, increased and the selective 5-HT 2C agonist, RO 60- 
0175, decreased DA release in NAcc (Di Matteo et al., 1999). 

[0071] Clozapine/Cocaine: Acute Studies: Clozapine significantly 
reduced cocaine-induced increases in DA release in NAcc by an average of 
40% in the first hr of study and 50% in the second hr of study. 
Simultaneously, clozapine significantly reduced cocaine-induced increases 
in 5-HT release in NAcc by an average of 138% in the first hr of study and 
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average of 113% in the second hr of study. Also, at the same time, 
locomotor activity (ambulation counts) produced by cocaine, were reduced 
by an average of 500 counts in the first half hr and by an average of 150 
counts in the next hr of study. Since these are the first studies of this kind 
ever performed, direct comparisons cannot be made. Nonetheless, the 
present studies are in general agreement with preclinical studies in which 
clozapine was shown to antagonize cocaine-induced place preference in 
animals (Kosten and Nestler, 1994) and to block reinforcement by 
intravenous cocaine in animals (Loh et al., 1992). 

[0072] Clozapine/Cocaine: Possible Mechanisms of Action: Acute 
Studies: Without being bound by theory, the data suggest that increased 5- 
HT by cocaine leads to an increase in DA release perhaps via either a 
separate or combined 5-HT^c receptor mediation which is subsequently 
blocked by clozapine. This suggestion is made because of previous reports 
of the importance of 5-HT 2A / 2 c receptors either alone or combined in cocaine 
mechanisms (Yan, 2000; Yan et al., 2000; McMahon and Cunningham, 
2001; Filip and Cunningham, 2002) and because clozapine is, in fact, the 
prototypical atypical 54HWDA 2 receptor antagonist, although not 
exclusively bound to these two types of receptors. Clozapine has high 
antagonist affinity for the 5-HT 2C receptor and indeed, phosphoinositol 
inverse agonist activity at the 5-HT 2 q receptor (Kuoppamaki et al., 1995; 
Herrick-Davis et al., 1999; Herrick-Dayis et al., 2000) has been shown 
specifically in NAcc, in the action of clozapine (Di Matteo et al., 2002). 
Classical DA 2 postsynaptic antagonism of cocaine-induced psychomotor 
stimulant behavior by clozapine probably accounts, at least in part, for the 
complete blockade of motor activity observed. Interestingly, in the 
apomorphine-induced hypomotility test, clozapine did not antagonize this 
presynaptic response, unlike the DA^ antipsychotic agent, sulpiride 
(Robertson and MacDonaid, 1986). 
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[0073] A mediation by S-KW receptors in the mechanism of action 
for clozapine's blockade of cocaine, is also suggested. In Acute studies 
performed in this laboratory, we substituted (3 mg/kg s.c.) ketanserin, a 5- 
HT^c antagonist, for clozapine and the results were remarkably similar to 
clozapine in blocking cocaine-induced monoamine release and psychomotor 
stimulant behavior, although ketanserin blockade of cocaine was actually 
weaker than that of clozapine in all three parameters studied (Broderick et 
al., 2001). These results were published in Broderick, PA, Olabisi, OA, 
Rahni, DN, and Zhou, Y. Cocaine acts on accumbens mono-amines and 
locomoter behavior via 5-HT2A/2C receptor mechanism as shown by 
ketanserin: 24 h follow-up studies. Progress in Neuro-Psychopharmacology 
& Biological Psychiatry, vol. 28 (2004) 547-557, which is herein incorporated 
by reference in its entirety. This work was also the subject of a presentation 
given at the Society for Neurosciehce meeting on November 12, 2003 in 
New Orleans. The presentation is summarized in Figs. 3A-3N. 
[0074] Ketanserin and clozapine do not have similar receptor profiles, 
in general, but ketanserin is similar to clozapine in that both are direct 
receptor antagonists which bind with high affinity to 5-HT 2C , 
adrenergic (a,) and histamine (Hi) receptors; ketanserin does not bind to 
DA receptors (Lutje-Hulsik, 2002; Duffy et al., 2000): The strong «, • 
influence is a concern, but there is good evidence that only 5-HW 
receptors are involved and a, adrenoceptors are not involved in the 
mechanism of cocaine's stimulant activity (Filip et al., 2001). The high 
antagonist affinity for H, receptors on the part of . both ketanserin and 
clozapine, is probably not a concern. Studies on H 1 and even H 2 promoter 
polymorphisms conclude that participation of these receptors has an unlikely 
influence in the clinical response s clozapine treatment (Mancama et al., 
2002). Thus, S-HT^c properties for clozapine are highly likely 
mechanisms for clozapine's antagonism of cocaine effects. These results 
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were published in Broderick, PA, Olabisi, OA, Rahni, DN, and Zhou, Y. 
Cocaine acts on accumbens mono-amines and locomoter behavior via 5- 
HT2A/2C receptor mechanism as shown by ketanserin: 24 h follow-up 
studies. Progress in Neuro-Psychopharmacology & Biological Psychiatry, 
vol. 28 (2004) 547-557, which is herein incorporated by reference in its 
entirety. This work was also the subject of a presentation given at the 
Society for Neuroscience meeting on November 12, 2003 in New Orleans. 
The presentation is summarized in Figs. 3A-3N. 

[0075] It is interesting that studies on risperidone's effects on cocaine- 
induced stimulant monoamine neurochemistry and locomotor behavior, 
showed that risperidone completely blocked 5-HT release in NAcc and 
simultaneous locomotor activity but did not completely block DA release on 
NAcc. Indeed, risperidone significantly increased DA release in the second 
hr of the study, given the caveat that high dose risperidone (2 mg/kg s.c.) 
was tested (Broderick et ai., 2003) (see below). 

[0076] Clozapine/Cocaine: Subacute Studies: Results showed that 
DA release in NAcc, at this time, decreased by an average of 60% during 
the hr of study, WHILE 5-HT release increased by 50% above baseline for 
the hr of study and locomotor activity remained reduced by an average of 
250 ambulatory counts in the first 20 rhin. 

[0077] It is important to note that these long lasting effects of 
clozapine are supported by pharmacokinetics. The half-life of clozapine is 8 
hrs at lower doses and 4-66 hrs at higher doses; the hydroxlated and N- 
oxide derivatives are reported to be inactive (Rx List Monographs, 2002). 
Interestingly, preliminary data from our laboratory have shown that 
significantly increased 5-HT release after combined clozapine/cocaine 
administration, does not begin to diminish until the fifth'day of recovery after 
drug administration. 
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[0078] Clozapine/Cocaine: Possible Mechanisms of Action: 
Subacute Studies: The occurrence of increased 5-HT release in Subacute 
studies may be explained by clozapine's mechanism than by cocaine's 
mechanism. If we look at clozapine, 5-HT presynaptic autoreceptors, as 
studied in synaptosomes, may lend an explanatory note (Drescher and 
Hetey, 1988). Also, presumably by autoreceptors, clozapine increased DA 
efflux in NAcc (Voionte et al., 1997; Kuroki et al. y 1999), DA and 5-HT 
release in NAcc in the behaving animal (Broderick et al., unpublished data; 
Ichikawa et aL, 1998) and DA and 5-HT release in NAcc in the anesthetized 
animal (Broderick and Piercey, 1998a). , Therefore, increased 5-HT release, 
as shown in these Subacute studies, may be mediated by inhibitory 
presynaptic autoreceptors. The explanation for decreased DA release is not 
apparent, unless this DA decrease is simply compensatory (Herve et al., 
1 979; Beart and McDonald, 1 982). 

[0079] Moreover, increased 5-HT release on .the second day of study 
might possibly have been derived from increased cocaine serum levels due 
to the longer lasting effects of clozapine since a clinical study reported 
enhanced cocaine serum levels after administration of both clozapine and 
cocaine to cocaine addicts (Farren et al., 2000). It is noteworthy that 
increased 5-HT release on the second day of study, did not occur in a 
risperidone/cocaine group (Broderick et al., 2003). 

[0080] Thus far, research in our laboratory suggests that clozapine's 
action on cocaine is mediated at least partly, via 5-HT 2 /v2c receptors 
because the results presented here, from clozapine/cocaine combination 
studies, resemble those obtained during Subacute studies when substituting 
the 5-HT2A/2C antagonist, ketanserin for clozapine. In Subacute studies with 
ketanserin/cocaine, when no further ketanserin or cocaine was 
administered, DA release in NAcc decreased and 5-HT increased to a 
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statistically significant level, just as did results, Subacutely, in the 
clpzapine/cocaine group. 

[0081] There were some differences in monoamine reactions during 
the subacute studies between the ketanserin/cocaine group and the 
clozapine/cocaine group, e.g., the DA response was weaker and the 5-HT 
response was somewhat stronger. Notably, locomotor activity was 
significantly higher on the second day for the ketanserin/cocaine group viz- 
a-viz the clozapine/cocaine group. The clozapine/cocaine group continued 
to exhibit sedation, possibly through residual potent, muscarinic 
anticholinergic receptor mediation (Richelson and Souder, 2000; Broderick 
etal.,2001). 

[0082] On the other hand, the atypical antipsychotic medication, the 
5-HT2a/DA 2 receptor antagonist, risperidone, did not exhibit subacute 
responses to cocaine as did clozapine. In fact, DA and 5-HT release 
returned to baseline and locomotor activity increased insignificantly above 
baseline (Broderick et al., 2003). It is noteworthy however, that studies with 
the high dose of risperidone (2 mg/kg, s.c.) were performed (Broderick et al., 
2003). High dose risperidone exhibits more typical than atypical 
antipsychotic properties (Williams, 2001). 

[0083] Not to be neglected, though, is a possible mediation by the 5- 
HTia receptor because clozapine exhibits moderate receptor binding for the 
5-HTia receptor (Schotte et al., 1993; Sumiyoshi et al., 1995; Schotte et al., 
1996). Importantly, the 5-HTi A receptor has been shown clinically to 
mediate schizophrenic psychosis (Chou et al., 2003) and precliriically, to 
mediate the action of DA in NAcc (Ichikawa and Meltzer, 2000). Finally, a, 
antagonism has been shown to mediate inhibition of dorsal raphe (DR) firing 
by clozapine through 5-HT 1A receptors (Sprouse et al , 1999). 

[0084] Conclusions: Acute studies showed that clozapine blocked 
accumbens DA, 5-HT and locomotor effects of cocaine. These studies are 
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the first of their kind. The Subacute studies are also unique; the Subacute 
studies allowed us to study withdrawal effects of cocaine in addition to the 
unexpected long-lasting effects of clozapine/cocaine treatment on 
accumbens DA and 5-HT release in the freely moving and behaving animal. 
Enhanced 5-HT release may, help alleviate clinical depression associated 
with cocaine withdrawal (Price et al., 2001), although decreased DA release 
could be a disadvantage, possibly leading to craving (Dackis and Gold, 
1985). Nonetheless, critical treatment strategies for cocaine addiction and 
psychosis could be derived from these results. 

Risperidone Studies 

Summary 

[0085] In vivo microvoltammetry was used to detect dopamine (DA) 
and serotonin (5-HT) release from Nucleus Accumbens (NAcc) of freely 
moving, male, Sprague Dawley laboratory rats, while animals' locomotor 
(forward ambulations) and stereotypic behavior (fine movements of sniffing 
and grooming) were monitored at the same time with infrared photobeams. 
Monoamine release mechanisms were determined by using a depolarization 
blocker, gamma-butyrolactone (yBL). Miniature carbon sensors, 
BRODERICK PROBE® Laurie Acid Microelectrodes, smaller than a human 
hair, were used in conjunction with a semidifferential electrochemical circuit, 
to detect release of each monoamine in separate signals and within 
seconds. The purpose was to evaluate the neuropharmacology of the 5- 
HT2/DA2 antagonist, risperidone, in its current therapeutic role as an 
atypical antipsychotic medication; as well as in its* potential role as 
pharmacotherapy for cocaine psychosis and withdrawal symptoms. Acute 
(single drug dose) and subacute studied (24 hr follow-up studies in the same 
animal, no drug administration) were performed for each treatment group. 
The hypothesis for the present studies is derived from a growing body of 
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evidence- that cocaine-induced psychosis and schizophrenic psychosis 
share similar neurochemical and behavioral manifestations. 

[0086] Results showed (1) Acute administration of Risperidone (2 
mg/kg, s.c.) significantly increased DA and 5-HT release in NAcc above 
baseline (habituation) values (p<0.001) while locomotion and stereotypy 
were virtually unaffected. In Subacute studies, DA release did not differ 
from baseline (p>0.05), whereas 5-HT release was significantly increased 
above baseline (p<0.001). Locomotion increased over baseline but not to a 
significant degree, while stereotypy was significantly increased above 
baseline (p<0.05). (2) Acute administration of Cocaine (10 mg/kg, i.p.) 
significantly increased both DA and 5-HT release above baseline (p<0.001) 
while locomotion and stereotypy were also significantly increased over 
baseline (p<0.001). In Subacute studies, DA decreased significantly below 
baseline (p<0.001) and significant decreases in 5-HT release occurred at 
15, 20, 50 and 55 min (p<0.05); behavior increased above baseline, but did 
not reach a statistically significant degree. (3) Acute administration of 
Risperidone/Cocaine (2 mg/kg s.c. and 10 mg/kg i.p., respectively) showed 
a significant block of the cocaine-induced increase in DA release in the first 
hr (p<0.001) and 5-HT release in both hrs of study (p<0.001). Cocaine- 
induced locomotion and stereotypy were blocked simultaneously with the 
monoamines (pO.001). In Subacute studies, DA and 5-HT release returned 
to baseline while locomotion and stereotypy increased insignificantly above 
baseline. 

[0087] . Thus, these studies (a) were able to tease out 
pharmacologically, critical differences between pre- vs. post-synaptic 
responses to drug treatment(s) and these differences , may lead to more 
effective therapies for schizophrenic and/or cocaine psychosis, (b) Taken 
together with other data, these acute studies suggest that risperidone may 
possibly act via inhibition of presynaptic autoreceptors to produce the 
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observed increases in accumbens DA and 5-HT release, whereas cocaine 
may be acting at least in part, via 5-HT-ergic modulation of DA 
postsynaptically. The subacute data suggest that pharmacokinetics may 
play a role in risperidone's action and neuroadaptation may play a role in the 
mechanism of action of cocaine. Finally, the ability of risperidone to block 
cocaine-induced psychostimulant neurochemistry and behavior during acute 
studies while diminishing the withdrawal symptoms of cocaine during 
subacute studies, suggest that risperidone may be a viable 
pharmacotherapy for cocaine psychosis and withdrawal. 

Introduction 

[0088] Schizophrenia: Yeats aptly said about schizophrenic 
psychosis, "Things fall apart; the center cannot hold; mere anarchy is loosed 
upon the world." (Yeats, 1956). Schizophrenia is a major mental disorder in 
which the patient has difficulty in perceiving and then evaluating reality. 
Indeed, "schizophrenia" is believed to have earned its name because the 
patient experiences a "split" between thought and affect. Although 
muKifaceted, schizophrenia is the prototypical psychosis; the classical 
hallmark features are divided into two main categories, positive and negative 
symptoms. Among the positive symptoms are" auditory hallucinations, 
disorganized thoughts and speech, and paranoid- delusions. The negative 
symptoms consist of amotivation, social isolation, poverty of speech and 
thought (APA, 2000). Simply stated, positive symptomatology has been said 
to reflect an excess of normal function and negative symptomatology seems 
to reflect a reduction in normal functions (Stahl, 2000). Although at first 
glance, the negative symptoms appear to be less disturbing than are 
positive symptoms in that negative symptoms may not interrupt so blatently 
the orderly course of life, negative symptoms can be and are debilitating. 

[0089] Antipsychotic Medication: Moreover, negative symptoms are 
more difficult to reverse than are positive symptoms. In fact, conventional 
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antipsychotic medications, such as haloperidol, a typical antipsychotic, do 
reverse positive symptoms but are not particularly effective in reversing the 
negative symptoms of psychosis (Carpenter et ah, 1988). Atypical 
antipsychotic medications, such as risperidone, and clozapine, have been 
used with success for reversal of both the positive and negative symptoms 
of schizophrenic psychosis (Meltzer, 1992; Conloy and Mahmoud, 2001). 
Interestingly, typical antipsychotic medications and atypical antipsychotic 
medications exhibit some general differences as follow: (1) typical 
antipsychotic agents are DA antagonists which act on DA 2 receptors in the 
nigrostriatal neuronal circuit and induce adverse motor abnormalities, 
Extrapyramidal Symptoms (EPS), likely via this same receptor and DA 
pathway. Typicals are effective in reducing positive symptoms of psychosis, 
presumably also, via the DA 2 receptor and high DA receptor occupancy 
(Farde et al., 1988; Mukherjee et al., 2001) . and typicals have little or no 
effect on 5-HT-ergic mechanisms (Broderick and Piercey, 1998a; Ichikawa 
et al., 1998). (2) Atypical antipsychotic drugs act primarily, but not 
exclusively, on 5-HT 2 /DA 2 receptors in the mesoeorticolimbic neuronal circuit 
to reduce negative as well as positive symptoms of psychosis while reducing 
the risk of EPS; it is thought that 5HT-ergic modulation of DA mediates 
reduction of EPS (Meltzer and Nash, 1991). (3) Moreover, from the aspect 
of mood, typical antipsychotic agents may produce anhedonia, i.e., a loss of 
n joie de vivre" (Blum et aL, 1989), whereas the atypical antipsychotic 
medications have been reported to improve affective disorders, presumably 
via their 5-HT-ergic properties (Meltzer, 1989). Pharmacotherapies for 
schizophrenia have been reviewed (Seeman, 1987; Meltzer, 1991; King, 
1998; Lieberman et al., 1998; Carlsson et al., 1999; Kane, 1999; Fink- 
Jensen, 2000; Kapur and Remington, 2001). 

• [0090] Another differentiation between the two antipsychotic types of 
medication, comes from pharmacological behavioral studies in animal 
models. Typicals exhibit inhibition of hyperactivity and stereotypy induced by 
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DA-ergic drugs and in addition, induce catalepsy in a similar dose range; 
atypicals cause selective inhibition of hyperactivity without induction of 
stereotypy or catalepsy (Weiner et al., 2000; Wadenberg et al., 2001). Also, 
in animal models, an atypical antipsychotic agent e.g., perospirone, another 
novel 5-HT 2 /DA 2 receptor antagonist, has been differentiated from typical 
antipsychotic agents on the basis of its preferential ability to induce Fos 
expression in rat forebrain in mesolimbic NAcc vs. nigrostriatal dorsolateral 
striatal terminal (Ishibashi et al, 1999). 

[0091] Risperidone: Risperidone is one of these novel atypical 
antipsychotic medications with treatment efficacy for both negative and 
positive symptoms of schizophrenia and concomitantly, their use presents 
less risk of EPS (Marder and Meibach, 1994; Lemmens et al., 1999). In a 
group of schizophrenic patients with disturbing EPS from previous 
neuroleptic pharmacotherapy, risperidone was observed to have less liability 
for Parkinsons' symptoms than was the typical: antipsychotic, haloperidol 
(Heck et al., 2000). Risperidone was developed following studies which 
showed that the negative symptoms of schizophrenia and EPS were 
improved when ritanserin, a selective antagonist at the structurally similar 5- 
HT 2 and 5-H"T 1e receptors, was combined with haloperidol (Bersani et al., 
1986). 

[0092] A synthetic benzisoxazole derivative, risperidone is a highly 
selective 57HT2A/DA2 antagonist with high affinity for these receptors as well 
as for cti and a 2 adrenergic receptors and the H 1 histamine receptor; low to 
moderate affinity is seen for the 5-HT 2C , 5-HT 1A , 5-HT 1c , and 5-HT 1D 
receptors (Janssen et al., 1988; Leysen et al., 1988; Leysen et al., 1992). 
Using constitutively active mutants of 5-HT 2C receptors, which are 
associated with high basal levels of intracellular inositol phosphate (IP), 
risperidone was found to have inverse agonist activity at human 5-HT 2C 
receptors (Herrick-Davis et al., 1999). A high affinity for the inverse agonist 
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5-HT 2 c receptor was found in . the rat choroid plexus (Canton et al M 1990; 
Kuoppamaki et al. ( 1995; Schotte et al. fl 1996). Risperidone binds with weak 
affinity to the DA1 and haldperidol-sensitive sigma site, whereas no affinity 
for the cholinergic muscarinic or fa and adrenergic receptors has been 
reported (Keegan, 1994). Optimal dosing is important for risperidone therapy 
as DA 2 receptor affinity increases in the higher dose range, thereby 
increasing the risk of EPS (Williams, 2001 ). Therefore, the caveat exists that 
although risperidone is especially atypical at low doses, a more typical 
profile may be seen at the higher doses (Megens et al., 1992). Specifically, 
in the NAcc, in [3H] spiperone labeling studies, risperidone revealed 
biphasic inhibition curves indicating that 5-HT 2 receptor occupancy occurs (< 
0.04 mg/kg) and DA 2 receptor occupancy exhibits an ED50 at (1.0 mg/kg) 
(Leysen etal. 1992). 

[0093] Risperidone has some other favored uses, not only in 
schizophrenia but also in treating the depressive aspects of schizoaffective 
t disorders (Myers and Thase, 2001), and in treating behavioral disturbances 
in children and adolescents with psychiatric dysfunction (Turgay et al., 
2002). Behavioral locomotor and stereotypic disturbances in Lesch-Nyhan 
Syndrome have been decreased by risperidone (Allen et al., 1998) 

[0094] Cocaine: Cocaine increases DA neurotransmission by 
inhibiting the DA reuptake transporter at the presynapse in DA riigrostriatal 
and ,mesolimbic neuronal pathways; increased DA neurotransmission is 
believed to occur via DA reuptake inhibition, enhanced release of DA or a 
combination of DA reuptake inhibitory and enhanced release mechanisms 
(de Wit and Wise, 1977; Church et al., 1987; Ritz et al., 1987; Bradberry and 
Roth, 1989; Hurd and Ungerstedt, 1989; Kalivas and Duffy, 1990; Broderick, 
1991a; Broderick, 1991b; Broderick, 1992a; 1992b; Broderick et al., 1993). 
Increased DA neurotransmission in mesolimbic and mesocorticblimbic DA 
reward pathways (Wise and Rompre, 1989) is thought to emanate from 
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Ventral Tegmental Area (VTA) (Roberts and Koob, 1982; Goeders and 
Smith, 1983; Evenden and Ryan, 1988; Einhom etal., 1988; Kalivas, 1993; 
Broderick and Phelix,, 1997). 

[0095] the first studies that showed that cocaine increased 5-HT 
release in KlAcc were performed in this laboratory (Broderick et al., 1993) 
and in Roth's laboratory at Yale (Bradberry et al., 1993). Serotonin has also 
been implicated in cocaine's electrophysiological, transporter, behavioral 
and reinforcing effects (Cunningham and Lakoski, 1988; Broderick, 1991b; 
Broderick, 1992a; Broderick, 1992b; Carroll et al., 1993; Broderick et al., 
1997; Broderick, 2001, Hall et al., 2002). Other neurochemical and 
behavioral studies support these data (Parsons et al., 1996; Andrews and 
•- Lucki, 2001). The latter study reports that the effect of cocaine on 5-HT in 
DA somatodendritic autoreceptbrs was greater than that of DA (Andrews 
and Lucki, 2001). Moreover, 5-HT release in NAcc, VTA and striatum (Str) 
has been shown to increase rhythmically on line and in vivo with rhythmic 
movement during natural exploration whereas cocaine disrupted the balance 
between 5-HT release and natural exploratory rhythmic movement 
(Broderick, 2001). Interactions between 5-HT and DA are becoming more 
important in explaining cocaine's neurochemical and behavioral properties. 
A recent report suggests that cocaine increases DA probably via 
postsynaptically mediated 5-HT 2c receptor action. Adjunct mechanisms 
include additional DA release derived presynaptically from DA 
somatodendritic autoreceptors, VTA, via 5-HT2A and feedback 
compensatory mechanisms (Filip and Cunningham, 2002), 

[0096] Dopamine and 5-HT interactions are plausible in the 
mechanism of action of cocaine because both immunohistochemical studies 
(Steinbuseh, 1981) and immunocytochemical studies (Broderick and Phelix, 
1997) show that DA cell bodies, VTA, contain a dense network of 5-HT 
axonal varicosities. Neuroanatomy localization of tyrosine-hydroxylase 



WO 2005/053619 



PCT/US2004/040756 



containing (TH) and 5-HT-containing axons in NAcc, show a prominent 
overlap of DA and 5-HT axons in core and shell (Phelix and Broderick, 
1995). Ultrastructural evidence from light and electron microscopy has 
shown that 5-HT neurons innervate DA neurons synaptically (Herve et al., 
1987). A cellular basis is evidenced for the 5-HT excitation of DA neurons by 
the existence of asymmetric junctions formed by 5-HT labeled terminals in 
mesolimbic projections to NAcc (Van Bockstaele and Pickel, 1993; Van 
Bockstaele et al. 1994; Broderick and Phelix, 1997). 

[0097] Cocaine Psychosis: Cocaine is a powerful reinforcer because 
the drug is a rewarding stimulant. Cocaine has even been reported to induce 
an orgasmic-type experience (Cohen, 1975; Seecof and Tennant, Jr., 1986). 
Cocaine's rewarding and reinforcing effects are so powerful that the cocaine 
addict risks becoming mentally ill with a syndrome known as "cocaine 
psychosis" (Brady et al., 1991). Prolonged cocaine psychosis, as any 
psychotic event, is a major psychopathology (Satel et al., 1991). In fact, 
emergency cases of patients diagnosed with cocaine-induced psychosis are 
being considered by some, as alarming (Mendoza et al., 1992* Taylor and 
Staby, 1992; Tueth, 1993) and clinical reports of paranoid psychosis 
induced by cocaine are becoming common (Sherer et al., 1988; Satel and 
Edell; 1991), even in the elderly (Namboudin and Young, 1991). Cocaine 
"paranoia" has been likened to schizophrenic "paranoia" (Rosse et al., 
1994). Finally, data from Single Photon Emission Computerized 
Tomography (SPECT) studies show that cocaine induced changes in 
cerebral blood flow are similar to those seen in patients diagnosed with 
schizophrenic psychosis (Miller et al., 1992). 

[0098] Interestingly, animal models of cocaine psychosis share similar 
neurochemical and behavioral manifestations with human schizophrenic 
psychosis. Very early on, the animal model of psychomotor stimulant 
behavior was validated. Psychostimulant behavior was shown to be 
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, dependent on DA-ergic nigrostriatal neuronal pathways in animals (Cools 
and Van Rossum, 1970; Costall and Naylor, 1973; Wise and Bozarth, 1987; 
cf. Broderick, 2001 for review). Dopamine antagonists block psychostimulant 
behavior (Pijnenburg et al., 1975). Supporting these animal data, typical 
antipsychotic medications, which act through DA-ergic nigrostriatal neuronal 
pathways reduced psychotic symptoms in humans (Gawin and 
Kleber,1986a; Gawin and Kleber, 1986b). Also supporting these animal data, 
atypical antipsychotic medications, which act through DA-ergic 
mesolimbic/mesocorticolimbic neuronal pathways, reduce psychotic 
symptoms in humans (Meltzer, 1989). Hence, psychostimulant-induced 

. neurochemistry and behavior has become an accepted animal model of 

, psychosis, albeit limited to certain aspects of the disease. 

[0099] Risperidone/Cocaine:\t is noteworthy that clinical effects of 
risperidone on cocaine have met with some success, e.g., on substance 
abusing schizophrenic patients (Tsuang et al., 2002) on craving (Smelson et 
al., 2002) on euphoric effects of cocaine (Newton et al., 2001) on cocaine 
dependence (Grabowski et al., 2000), on cue-elicited craving (Smelson et 
al., 1997), thereby adding significance to the present data! Preclinically, 
cocaine cueing properties (Van Campenhout et al., 1999) and 5-HT 2 /DA 2 
antagonism of brain stimulation reward (Tsibulsky et al., 1998), have also 
been elegantly reported, but to date, to the authors 1 knowledge, this is the 
first paper to present the effects of risperidone in the psychostimulant animal 
model of psychosis. 

[0100] This cutting edge technology, in vivo microvoltammetry with 
miniature carbon sensors, BRODERICK PROBES® (Broderick, 1999) is 
particularly suitable for studies of neurochemistry because the technology 
provides excellent spatial and temporal resolution as well as selectivity for 
separate neurotransmitters. The technology allows a high degree of 
accuracy because it allows direct electrochemical detection of 
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neurotransmitters within a specific neuroanatomy site. Also, since few 
electrical connections are used for direct in vivo detection of 
neurotransmitters, it avoids bulky inflow and outflow perfusate tubings, 
apparently required for other methods. Too, subacute (24 hr follow-up) 
studies allow withdrawal symptoms and possible reversal of withdrawal 
. symptoms to be studied in the same animal reliably and accurately as glial 
formation around the microelectrddes is virtually non-existent. 

Methods 

Drugs 

[0101] Risperidone was obtained from Sigma/Aldrich, St. Louis, MO, 
dissolved in distlled water and pH was subsequently adjusted to 6.0 with 
lactic acid powder. Risperidone was then injected s.c. at a dose of 2.0 mg/kg 
according to the literature (Hertel et al., 1996; Hertel et al., 1998; Ichikawa et 
al., 1998; Ichikawa and Meltzer, 2000)). The doses of risperidone in the 
literature focussing on animals, shows that a low dose of 0.1/0.2mg/kg or a 
high dose of 1.0/2.0 mg/kg s.c. are both valid selections. Although it is 
difficult to extrapolate doses, from human to animal, it is believed that a 6-8 
mg/day dose in humans may be equivalent to the 1.0/2.0 mg/kg dose in 
animals. Results of clinical trials have shown that 6-8 mg/day (orally) of 
risperidone were effective for most patients for treating psychotic symptoms 
without risking induction of EPS and this dose range was the recommended 
optimal daily dose (Marder and Meibach, 1994). Recently, though, on the 
basis of further clinical trials, even lower doses are now recommended, 
4mg/day (orally) (Williams, 2001 ). 

[0102] At high dose risperidone, DA 2 receptor occupancy increases to 
70%, while 5-HT 2 occupancy is maintained (90%) (Meltzer et al., 1992; 
Leysen et al., 1993; Schotte et al., 1993; Sumiyoshi et al., 1994; 
Svartengren and Calender, 1994; Sumiyoshi et ah, 1995). Therefore, the 
rationale for selecting high dose risperidone in the present studies was 
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based on the hypothesis that a greater DA 2 occupancy would have more 
potent DA 2 antagonist effects, postsynaptically and that fact, coupled with 
less DA released presynaptically, would be more efficacious in blocking 
cocaine-induced DA-ergic psychomotor stimulant effects. 

[0103] Cocaine was obtained from Sigma Aldrich, St. Louis, MO and 
dissolved in distilled water. Cocaine was then injected i.p. at a dose of 10 
mg/kg which is seen as a moderate dose and yet, one which will produce 
the psychostimulant effects of cocaine (Broderick et al., 1993; Van 
Campenhout et al., 1999; Filip and Cunningham, 2002). 

Surgical Procedures 

[0104] Animals were purchased from Charles River Laboratories, 
Kingston, NY and were housed in our animal care facilities for two weeks 
before surgery was performed. The Animal Care Facility operates under the 
auspices of the CUNY, City College Institutional Animal Care and Use 
Committee (IACUC) in compliance with National Institute of Health (NIH) 
guidelines. The weight range for the animals, at the time of the studies, was 
350-475 g. Animals were group housed before surgery, individually housed 
after surgery and fed Purina Rat Chow and water ad libitum. A twelve hr 
dark-light cycle was maintained both in the housing of the animals and 
throughout the experimental studies. Each animal was anesthetized with; 
pentobarbital Na, (50 mg/kg i.p. (dilute (6%) solution)) and stereotaxically 
implanted (Kopf Stereotaxic, Tujunga, CA) with a BRODERICK PROBE® 
lauric acid indicator microelectrode in ventrolateral (vl) NAcc (AP=+2.6, ML= 
+2.5, DV- -7.3) (Pellegrino et al., 1979). A Ag/AgCI reference electrode was 
placed In contact with dura, 7 mm anteriorally and contralateral^ to the 
indicator microelectrode. A stainless steel auxiliary microelectrode, was 
placed in contact with dura. 

[0105] Animals' body temperature was continuously monitored with a 
rectal probe and thermometer (Fisher Sci., Fadem, NJ). Body temperature 
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was maintained at 37.5°C ±0.5°C with an aquamatic K module heating pad 
(Amer. Hosp. Supply, Edison, NJ). Booster injections of pentobarbital Na 
were administered once after the first two hrs of surgery (0.10 cc) and once 
every subsequent hr (0.05cc) to maintain an adequate level of anesthesia 
throughout surgery. The total time for surgery was three to four hrs. The 
indicator, reference, and auxiliary microelectrodes were held in place with 
dental acrylic (Jet Line, Lang Dental Inc., CA). Animals recovered in a 
bedded Plexiglas cage (dimensions: 12 inches (width), 12 inches (depth), 18 
inches (height)) after surgery and before the experimental studies began, 
with food and water ad libitum. The animals were treated with physiological 
saline (0.5 cc) immediately and for one to two days after surgery as needed. 

[0106] In vivo microvoltammetric studies on conscious Sprague- 
Dawley laboratory rats were begun nine to fifteen days after the aseptic 
surgical operations were performed. On each experimental day, animals 
were placed in a Plexiglas-copper faradaic chamber. The three- 
microelectrode assembly, enclosed within the animal's prosthetic acrylic 
cap, was connected to a CV37 detector by means of a mercury commutator 
(Br. Res. Instr., Princeton, N J), a flexible cable, and a mating connector 
(BJM Electronics, Staten Island, NY). The CV37 detector was electrically 
connected to a Minigard surge suppresser (Jefferson Electric, Magnetek, 
NY) which was then connected to an electrical ground in isolation. Stable 
electrochemical signals for DA and 5-HT were evident before either (I) 
risperidone (2 mg/kg s.c.), (//) cocaine (10 mg/kg i.p.) or {Hi) the 
combination of risperidone and cocaine (2 mg/kg s!c. and 10 mg/kg i.p. 
respectively) were administered. Each animal was used as its own control. 
In vivo microvoltammetric scans were recorded in sec and repeated every 
five min for a period of 2 hrs before each treatment and a period of two hrs 
after each treatment. 
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Behavior 

[0107] Behaviors were monitored with infrared photobeams which 
surrounded the faradaic chamber. Open-field behaviors of locomotion 
(ambulations) and stereotypy (fine movements of sniffing and grooming) 
were recorded in sec and repeated every five min for a period of 2 hrs 
before each treatment and a period of 2 hrs after each treatment. Open-field 
behaviors were monitored simultaneously with in vivo microvoltammetric 
recordings of monoamines. 

[01 08] The first hr pre-drug, allowed exploratory behavior. Exploratory 
behavior is defined as open-field behavior of ambulations (forward 
locomotion) and stereotypy (fine movements of sniffing and grooming), 
wherein animals respond to the stimuli of a novel environment with a high 
frequency of behavioral counts. The second hr pre-drug allowed the animal 
to become habituated before treatment. Habituation behavior is defined as a 
behavioral state in which neurochemistry and behavior exhibit reduced 
responses to novel stimuli; animals cease exploring or searching in their 
novel environment and maintain a steady-state response to novel stimuli. In 
the acute studies, each drug was administered thirty min into habituation. 
For the subacute studies, twenty four hrs later, the animals were again 
placed in the faradaic behavioral chamber and no further drug was 
administered. Each animal was monitored for possible recovery, withdrawal 
or after-effects, of each treatment WHILE open-field behaviors of 
locomotions and stereotypy were monitored with computerized infrared 
photocell beams which surround the faradaic chamber. 

[0109] The faradaic chamber was made of plexiglas and covered with 
copper wire to refract possible electrical artifacts (dimensions: 24 inch 
(width) by 18 inch (depth) by 23.5 inch (height)). A 16 by 16 array of infrared 
photobeams, held in place by an aluminum frame, was situated 3/4 inch 
above the Plexiglas floor of the chamber to detect locomotor and stereotypic 
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movements. Photobeams were sampled by a Pentium computer to define 
the x-y position of the animal within a 1.5 inch resolution every 100 msec. 
When an x-y position was calculated, it was used to define a particular 
behavioral parameter. This system is a modified version of an Activity 
Pattern Monitor (APM) (San Diego Instruments, San Diego, CA). Behavioral 
data is presented in terms of Frequency of Events. 

In vivo microvoltammetry 

[0110] In the present studies, in vivo microvoltammetry with a 
semidrfferential circuit was used; a clear separation of the biogenic amine 
neurotransmitters, DA and 5-HT was achieved. Dopamine and 5-HT were 
detected within sec, in separate signals and in vivo. Oxidation peak 
potentials of +0.14±0.015V and +0.29±0.015V were characteristic for DA 
and 5-HT. Detailed methodology is published (Broderick, 1988; Broderick, 
1989; Broderick, 1990; Broderick, 1991b; Broderick et al., 1993; Broderick, 
1999; Broderick et al., 2000; Broderick, 2001; Broderick, 2002). The 
electrochemical signal for DA, was detected without interference at the 
same oxidation potential, from 3-4-dihydroxyphenylacetic acid (DOPAC), 
homovanillic acid (HVA) and ascorbic acid (AA). Indeed, clear and 
separated signals are achieved with the BRODERICK PROBE® lauric acid 
microelectrode, for AA, HVA and DOPAC; moreover, these clear and 
separated signals for AA, HVA and DOPAC are achieved with the 
BRODERICK PROBE® Stearic Acid Microelectrode as well. The 
electrochemical signal for 5-HT was detected without interference at the 
same oxidation potential, from the 5-HT metabolite, 5-hydroxyindoleacetic 
acid (5-HIAA) and uric acid (UA). Potentials were applied with a CV37 
detector (BAS, West Lafayette, IN). Potentials were applied from -0.2V to 
+0.7V with respect to a Ag/AgCI (1M NaCI) electrode, at a scan rate of 10 
mV/sec at time constants of 5 and 1 tau. One scan was completed in 60 
sec. Non-faradaic charging current was eliminated in the first 25 sec. The 
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neurotransmitters, DA and 5-HT, were detected in approximately 10-15 
sec.and 10-12 sec, respectively, in a sequential manner during each 
recording. The coulombic efficiency for the detection of 5-HT was two to 
three fold greater than that for DA (Broderick, 1 987). 

[0111] Pre- and post-calibration curves were determined 
experimentally, in vitro, in a freshly prepared deoxygenated physiological 
saline-phosphate buffer solution, (0.01 M, pH=7.4 containing DA (99% 
purity, Sigma, St. Louis, MO) and 5-HT (99% purity, Aldrich, Milwaukee, Wl), 
as well as metabolites of the monoamines (Broderick, 1989; Broderick et al., 
2000). In vitro pre- and post-calibration of the indicator BRODERICK 
PROBE® were also studied in freshly prepared deoxygenated 
phosphotidylethanolamine (PEA)/bovine serum albumin (BSA) (Sigma 
Aldrich, St. Louis, MO) physiological saline-phosphate buffer which closely 
mimics brain constituents. These studies show that lipid constituents of brain 
amplify the detection sensitivity of the indicator microelectrodes, supporting 
previous data which show that lipids amplify electrochemical signals 
detected by BRODERICK PROBES®; the phenomenon is termed The Lipid 
Amplification Number (LAN) (Broderick, 1999; Broderick et al., 2000). 
Surface Enhanced Raman Spectroscopy (SERS) and Raman Resonance 
(RR) techniques have correlated our findings on signal amplification by lipids 
(Foucault et al., 2002). Detection limits for basal synaptic concentrations of 
DA and 5-HT in NAcc were 12nM and; 2nM respectively. Placement of 
indicator microelectrodes in NAcc of each animal, was confirmed by the 
potassium ferrocyanide blue dot method, using a current of 50 mA for period 
of 40 sec. Virtually no damage to brain tissue occurred. Recording 
characteristics of microelectrodes were stable. 

Data Analysis 

[01 12] Neurochemical and behavioral data, derived from the last thirty 
minutes of the habituation period, provided the baseline data. Statistically 
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significant differences between baseline and post-injection for (1) DA (2) 5- 
HT, (3) locomotor and (4) stereotypic behavior were determined by 
subjecting the data to One Way Analysis of Variance (ANOVA) (tested at 
p=0.05 as criteria), with subsequent application of the post hoc test, Tukey's 
Multiple Comparison Test. Where appropriate, data points in the time course 
were subjected to 95% Confidence Limits (C.L). 

Results 

[0113] Day 1: Acute Studies: Fig 4A: Effects of risperidone, cocaine 
ornsoeridone/cocaine combination on DA release in NAcc: 

[0114] Risperidone : (open squares) Risperidone significantly 
increased DA release in NAcc over baseline (habituation) values (One Way 
ANOVA; p<6.0001; F=1 2.35; df=5,84). Post hoc analysis further showed 
that there were statistically significant differences between pre-risperidone 
(baseline) and post-risperidone (same animal control) (Tukey's Multiple 
Comparison Test: p<0.001 , q=7.454) 

[0115] Cocaine : (open circles) Cocaine significantly increased DA 
release over baseline (habituation) values (One Way ANOVA; p<0.0001; 
F=12.35; df=5,84). Post hoc analysis showed that significant differences 
between pre-cocaine (baseline) and post-cocaine (same animal control) 
occurred as well (Tukey's Multiple Comparison Test: p<0.01 , q=5.649). 

[0116] Risperidone/Cocaine : (closed circles) The risperidone/cocaine 
group exhibited a biphasic response on DA release in NAcc. Therefore, 
statistical analysis was extended in this group to perform analysis on an hr 
by hr basis. In the first hour, when DA release in NAcc was compared to 
baseline (habituation) values, a significant blockade of cocainennduced DA 
re | ease W as observed since DA release was not different from baseline 
{Post hoc analysis (Tukey's Multiple Comparison Test: p>0.05, q=0 .7423). 
Moreover, there was a significant difference between the results in the 
cocaine group versus the risperidone/cocaine group in the first hr which 

en 
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emphasizes the significant blockade of cocaine-induced DA release by 
risperidone (One Way ANOVA; p<0.0001; F=36.31; df=8,81); post hoc 
analysis further emphasizes this effect (Tukey's Multiple Comparison Test: 
p<0.01, q=6.085); In the second part of the biphasic response, DA release 
was increased above baseline to a statistically significant degree (One Way 
ANOVA; pO.0001; F=36.31; df=8,81). Post hoc analysis showed 
significance also (Tukeys Multiple Comparison Test: p<0.001, q=9.650). 
Interestingly, then, in the second part of the biphasic response, since 
risperidone did not completely block cocaine-induced DA release, the 
risperidone/cocaine group did not significantly differ from the cocaine group 
as shown by post hoc analysis (Tukey's Multiple Comparison Test: p>0.05, 
q=1.964). 

[0117] Day 1: Acute Studies: Fig 4B: Effects of risperidone, cocaine 
and risperidone/cocaine combination on 5-HT release in NAcc: 

I 0118 ! Risperidone: (open squares) Risperidone significantly 
increased 5-HT release in NAcc over baseline (habituation) values (One 
Way ANOVA; p<0.0001; F=69.36; df=5,84). Post hoc analysis further 
showed that there were statistically significant differences between pre- 
risperidone (baseline) and post-risperidone (same animal control) (Tukey's 
Multiple Comparison Test: p<0.001, q=12.87) 

[0119] Cocaine: (open circles) Cocaine significantly increased 5-HT 
release over baseline (habituation) values (One Way ANOVA; p<0.0001; 
F=69.36; df=5,84). Post hoc analysis showed that significant differences 
between pre-cocaine (baseline) and post-cocaine (same animal control) 
occurred as well (Tukey's Multiple Comparison Test: p<0 001, q=1 1.59). 

I 0120 ! Risperidone/Cocaine: (closed circles) The risperidone/cocaine 
group exhibited a monophasic and statistically insignificant response on 5- 
HT release in NAcc as shown by post hoc analysis (Tukey's Multiple 
Comparison Test: (p>0.05, q=0.1232). Thus, risperidone blocked cocaine- 
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induced 5-HT release over the entire 2 hr period of study. A comparison of 
post hoc analysis of risperidone/cocaine effects versus cocaine effects on 5- 
HT release emphasizes the blockade of cocaine-induced 5-HT release 
(Tukey's Multiple Comparison Test: p<0.001 , q=18.13). 

I 0121 ! D*v ,s f: Acute Studies: Fia 4C:Effects of risperidone, cnnain* 
and rispe ridone/cocaine combination on Locomotion (Ambulations):: 

[0122] Risperidone: (open squares) Risperidone did not affect 
locomotor activity over baseline (habituation) values. Post hoc analysis 
showed that there were no statistically significant differences between pre- 
risperidone (baseline) and post-risperidone (same animal control) (Tukey's 
Multiple Comparison Test: p>0.05, q=0.4743) 

[0123] Cocaine: (open circles) Cocaine significantly increased 
locomotor activity (ambulations) over baseline (habituation) values (One 
Way ANOVA; p<0.0001; F=21.06; df=5,84). Post hoc analysis showed that 
significant differences between pre-cocaine (baseline) and post-cocaine 
(same animal control) occurred as well (Tukey's Multiple Comparison Test: 
p<0.001,q=7.802). 

[0124] Risperidone/Cocaine: (closed circles) The risperidone/cocaine 
group exhibited a statistically insignificant response on locomotor activity as 
shown by post hoc analysis (Tukey's Multiple Comparison Test: (p>0.05, 
q=0.4704). Thus, risperidone blocked cocaine-induced psychostimulant 
activity over the entire 2 hr period of study. A comparison of post hoc 
analysis of risperidone/cocaine effects versus cocaine effects on 5-HT 
release emphasizes the blockade of cocaine-induced locomotor activity 
(Tukey's Multiple Comparison ^est: p<i0.001, q=11.30). 

[° 12 5] D av 1: Acut e Studies: Fia 4D: Effects of risperidone, cocaine 
or risperidone/cocaine combination on Stereotypy (Fine Movement* nf 
Sniffmd and Grooming): 
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[0126] Risperidone: (open squares) Risperidone did not affect 
stereotypy over baseline (habituation) values. Post hoc analysis showed that 
there were no statistically significant differences between pre-risperidone 
(baseline) and post-risperidone data (same animal control) (Tukey*s Multiple 
Comparison Test: p>0.05, q= 1.963). 

[0127] Cocaine: (open circles) Cocaine significantly increased 
stereotypic behaviors of grooming and sniffing over baseline (habituation) 
values (Ope Way ANOVA; p<0.0001; F=101.7). Post hoc analysis showed 
that significant differences between pre-cocaine (baseline) and post-cocaine 
(same animal control) occurred as well (Tuke/s Multiple Comparison Test: 
p<0.001,q=16.29). 

[0128] Risperidone/Cocaine: (closed circles) The risperidone/cocaine 
group exhibited a statistically insignificant response on stereotypy as shown 
by post hoc analysis (Tukey's Multiple Comparison Test: (p>0.05, q=1.813). 
Thus, risperidone blocked cocaine-induced psychostimulant stereotypic 
activity over the entire 2 hr period of study. A comparison of post hoc 
analysis of risperidone/cocaine effects versus cocaine effects on stereotypy 
emphasizes the blockade of cocaine-induced stereotypy activity (Tukey's 
Multiple Comparison Test: p<0.001, q=22.48). 

[0129] Day 2: Subacute Studies: Fig 5A: Effects of risperidone, 
cocaine or risperidone/cocaine combination on DA release in NAcc: 

[0130] Risperidone: (open squares) During the subchrbnic studies, 
when no further risperidone was administered, DA release in NAcc returned 
to baseline (habituation) values (from a significant increase); thus, there was 
no significant difference between baseline (Day1) and (Day2) values (same 
animal control), as shown by post hoc analysis (Tukey's Multiple 
Comparison Test: p>0.05, q=2.797). 

[0131] Cocaine: (open circles) During the subchronic studies, when 
no further cocaine was administered, DA release in NAcc significantly 
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decreased from baseline (habituation) values (from a significant 
increase)(One Way ANOVA; p<0.0001; F=24.65; df=5,45). Post hoc 
analysis showed that significant differences occurred between baseline 
(Day1) and (Day2) values (same animal control) (Tukey's Multiple 
Comparison Test: p<0.001, q=10.85). 

[0132] Risperidone/Cocaine: (closed circles) During the subchronic 
studies, when no further risperidone/cocaine combination was administered, 
DA release in NAcc returned to baseline (habituation) values (from a 
biphasic response); there was no significant difference between baseline 
(Day1) and (Day2) values (same animal control), as shown by post hoc 
analysis (Tukey's Multiple Comparison Test: p>0.05, q=0.3592). There were 
significant differences in DA concentrations in NAcc between the 
risperidone/cocaine group on Day2 as compared with the cocaine group on 
Day2 (One Way ANOVA; p<0.0001; F=24.65; df =5, 45). Post hoc analysis 
further emphasize the ability of risperidone to block cocaine effects, even 
subchronically during timing that corresponds to cocaine withdrawal 
(Tukey's Multiple Comparison Test: p<0.001, q=13.34). 

10133] Day 2: Subacute Studies: Fig 5B: Effects of risperidone: 
cocaine and risperidone/cocaine combination on 5-HT release in NAcc: 

[0134] Risperidone: (open squares) During the subchronic studies, 
when no further risperidone was administered, 5-HT release in NAcc 
significantly increased, above Day1 baseline values (One Way ANOVA; 
p<0.0001 ; F=32.26; .#=5,45). Post hoc analysis showed that significant 
, r .. differenpps occurred between baseline (Day1) and (Day. 2) values (same 
animal control) (Tuke/s Multiple Comparison Jest: p<0.001, q=12.91). 
Compared to drug effect of risperidone on Day 1, the. significant increase in 
5-HT release was maintained and increased further by an approximate 
average of 25%. 



WO 2005/053619 



PCT/US2004/040756 



[0135] ' Cocaine: (open circles) During the subchronic studies, when 
no further cocaine was administered, 5-HT release in NAcc was decreased 
below Day1 baseline values at specific time points during the time course of 
the 1 hr study, i.e., at the 15, 20,50,55 min time points, although the post 
hoc analysis did not show statistical significance (Tukey's Multiple 
Comparison Test: p>0.05, q=1.118). Compared to drug effect on Day1, 5- 
HT release was decreased dramatically by about 75%. 

I0136 l Risperidone/Cocaine: (closed circles) During the subchronic 
studies, when no further risperidone/cocaine treatment was administered, 5- 
HT release in NAcc exhibited exactly the same profile as was seen on Day1, 
i.e., on Day1 and on Day2, 5-HT release did not exhibit a statistically 
significant change from baseline. Thus, post hoc analysis shows no 
difference between 5-HT release between Day1 and Day2 data (Tukey's 
Multiple Comparison Test: (p>0.05, q=0.4579). No significant differences 
occurred between risperidone/cocaine and cocaine groups (Tukey's Multiple 
Comparison Test: (p>0.05, q=1.20). A significant difference in 5-HT release 
between risperidone/cocaine and risperidone groups occurred (Tukey's 
Multiple Comparison Test: (p<0.001, q=11. 31) 

l° 137 l Pay 2: Subacute Studies- Fjg 5C: Effects of risperidone, 
SQcaine — and — risperidone/c ocaine combination on Locomntinn 
(Ambulations):: One-Wav AN QVA for all moups tested. shnweH a 
significance of o<0.6s: F=2.377: df=5.4R 

[0138] Risperidone: (open squares) During the subchronic studies, 
when no further risperidone was administered, and Day1 baseline 
(habituation) values were compared with Day2 values, risperidone did not 
affect locomotion to a statistically significant degree. Post hoc analysis 
showed that there were no statistically significant differences between 
groups (same animal control) (Tukey's Multiple Comparison Test: p>0.05, 
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q=2.271). Nonetheless, compared: with drug treatment, Day1, locomotor 
activity was increased from a frequency of 50 to about 200 counts. 

[0139] Cocaine: (open circles) During the subchronic studies, when 
no further cocaine was administered, and Day1 baseline (habituation) 
values were compared with Day2 values, post hoc analysis showed that 
there were no statistically significant differences between groups (same 
animal control) (Tukey's Multiple Comparison Test: p>0:05, q=2.2949). 
Interestingly, compared with drug treatment, Day1, locomotor activity was 
decreased by a frequency of about 200 counts. 

[0140] Risperidone/Cocaine: (closed circles) During the subchronic 
studies, when no further risperidone/cocaine were administered, and Day1 
baseline (habituation) values were compared with Day2 values, locomotion 
was not affected to a statistically significant degree. Post hoc analysis 
showed that there were no statistically significant differences between 
groups (same animal control) (Tukey's Multiple Comparison Test: p>0.05, 
q=2.869). Again, interestingly, compared with drug treatment, Day1, 
locomotor activity was increased by a frequency of about 200 counts. No 
significant difference in locomotion occurred between risperidone/cocaine 
and cocaine groups occurred (Tukey's Multiple Comparison Test: p>0.05, 
q=0.05135). 

[0141] Day 2: Subacute Studies: Fid 5D: Effects of risperidone, 
cocaine or risperidone/cocaine combination on Stereotypy (Fine 
Movements of Sniffing and Grooming).: One-Wav ANOVA for all groups 
tested, showed a significance of p<0.01 : F=3.09: df =5,48. 

[0142] Risperidone: (open squares) During the subchronic studies, 
when no further risperidone was administered, and Day1 baseline 
(habituation) values were compared with Day2 values, risperidone increased 
stereotypy to a statistically significant degree (One-Way ANtiVA: p<0.01; 
F=3.09; df =5,48). Post hoc analysis further showed that there were 
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statistically significant differences between groups (same animal control) 
(Tukey's Multiple Comparison Test: p<0.05, q=4.622). Compared with drug 
treatment„Day1 , stereotypy was increased from a maximum frequency of 12 
to a maximum frequency of about 50 counts. 

[0143] Cocaine: (open circles) During the subchronic studies, when 
no further cocaine was administered, and Day1 baseline (habituation) 
values were compared with Day2 values, posf hoc analysis showed that ' 
there were no statistically significant differences between groups (same 
animal control) (Tukey's Multiple Comparison Test: p>0.05, q=1.947). 
Interestingly, compared with drug treatment, Day1, stereotypy was 
decreased by a frequency of about 20 counts from 60-40 counts. 

Id144 l Risperidorie/Cocaine- (closed circles) During the subchronic 
studies, when no further risperidone/cocaine were administered, and Day1 
baseline (habituation) values were compared with Day2 values, stereotypy 
was not affected to a statistically significant degree. Post hoc analysis 
showed that there were no statistically significant differences between 
groups (same animal control) (Tukey's Multiple Comparison Test: p>0.05, 
q=2.327). Again, interestingly, compared with drug treatment, Dayl 
stereotypy was increased from a frequency of 12 to about 30 counts. A 
significant difference between risperidone/cocaine and cocaine groups did 
not occur (Tukey's Multiple Comparison Test: p>0.05, q=0.6102). 
Discussion 

[0^ 45] The Anatomy of Schizophrenia: Although the precise biological 
basis of schizophrenia remains to be fully elucidated, several repetitive 
observations have reliably evolved into a theory of psychosis called, "The 
Mesolimbic DA Hypothesis of Positive Psychotic Symptoms-. It is thought 
that excessive activity in this neuronal pathway, Which projects from the 
somatodendritic DA cell bodies in the VTA to axon terminals in the limbic 
area of the forebrain, NAcc, mediates the positive symptoms of psychosis. 
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Simply stated, the psychostimulant, cocaine, is thought to induce positive 
symptoms of psychosis by increasing DA activity to an excessive degree in 
mesolimbic terminals, NAcc (Stahl, 2000). It is important to note that 5-HT 
modulates DA in the mesolimbic circuit and there are significant 
concentrations of 5-HTi B , 5-HTza, 5-HT 2c and 5-HT3 receptors present in 
NAcc (Leysen et al., 1996). 

[0146] On the other hand, The DA Mesocortical Pathway originates in 
DA somatodendrites, VTA also, but this projects to prefrontal cortex (PFC) 
nerve terminals. This mesocortical substrate is thought to play a major role 
in the negative symptoms of psychosis similar to defects seen after frontal 
lobectomy. Weinberger et al. (1992) showed that a reduction in PFC DA- 
ergic activity leads to disinhibition and overactivity of DA-ergic function in 
mesolimbic circuitry (Weinberger et al., 1992). Moreover, 5-HT modulates 
DA in PFC as well, even to a greater degree than occurs in NAcc (Meltzer, 
1999) and significant concentrations of 5-HT 1A , 5-HT 1B , 5-HTsa, 5-HT 3 and 5- 
HT 7 receptors are present in PFC (Leysen et al., 1996). This research 
presents a focus on positive symptoms of psychosis since NAcc is the 
substrate of interest. 

Risperidone: 

[0147] Acute Studies: Results were as expected. Consistent with 
risperidone studies from other laboratories wherein microdialysis was used, 
risperidone significantly increased DA concentrations in NAcc. (Volonte et 
al. 1 , 1997; Kuroki et al., 1999). The latter study reported the mechanism of 
action of increased efflux of DA in NAcc to derive from a combination of 5- 
HT2A/DA2 effects plus a weak DAD^ affinity relative to 5-HT2A but the 
mechanism was not thought to be directly due to a 5-HT2A mediation of DA 
release (Kuroki et al., 1999). Interestingly, a DAD2/3 affinity may be 
explanatory. (+)-AJ 76 [cis-(+)-1S, 2R-5 methoxy-1 methyl-2-(n- 
propylamino)-tetralin HCL] is a DA autoreceptor antagonist with a slightly 
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higher affinity for the DA 3 rather than the DA 2 receptor (Sokoloff et al., 1990) 
and this laboratory and others have found that AJ 76, unlike other typical 
antipsychotic agents, has weak stimulant properties as opposed to sedative 
properties (Waters et al, 1993; Broderick arid Piercey, 1998b). 

[0148] Also consistent with the present results, is another report 
which showed, using microdialysis, that risperidone increased release of 
DA in NAcc (Ichikawa and Meltzer, 2000). In this last report, the data 
suggested that a 5-HT 1A receptor mediation was not involved in the 
mechanism of action of increased DA release after high dose risperidone, as 
these increases were not antagonized by 'the 5-HT 1A receptor agonist, (8- 
OH-DPAT) [R(+)-8-hydroxy-2-(di-n-propylamino)-tetralin]. Although 
risperidone does not bind with high affinity to 5-HT 1A receptors, interestingly, 
low dose risperidone did show a 5-HT 1A mediation in the mechanism of 
action of increased DA release by risperidone (Ichikawa and Meltzer, 2000). 
Furthermore, inverse agonist activity at the 5-HT 2c receptor, may play a role 
in risperidone induced increases DA release in NAcc as risperidone 
completely prevented the inhibitory action of RO 60-0175, a 5-HT 2C receptor 
agonist, on DA efflux in NAcc (Di Matteo et al , 2002). Therefore, the 
increase in DA release in NAcc after risperidone as reported by this 
laboratory, may come in part from somatodendritic presynaptic antagonism 
of DA and/or 5-HT autbreeeptors, and in part from postsynaptic 5-HTsc 
modulation of DA. Taken together with Ichikawa and Meltzer (2000), a 5- 
HTi A mediation may not be likely since our risperidone dose could be 
considered a high dose. A DA 3 autoreceptor antagonism should not be 
ruled out as the mesolimbic neuronal circuitry has a high concentration of 
DA3 receptors (Sokoloff et al., 1990). 

[0149] Results were as expected and consistent with previous studies 
of risperidone on 5-HT release in NAcc. Thus, the present data are in 
agreement with others (Ichikawa et al, 1998) who reported, using 
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microdialysis, an increased 5-HT efflux from NAcc albeit statistically 
insignificant The latter report discusses the. mechanism of increased 5-HT 
efflux after risperidone, as related to 5-HT reuptake inhibition and not 
directly due to a 5-HT2A receptor mediation of 5-HT-induced increases within 
the DA terminals in NAcc, although the authors state that an interaction with 
DA 2 receptor mediation is possible (Ichikawa et al., 1998). Too, in another 
report, risperidone was studied, not for its effects on 5-HT, the 
neurotransmitter, in NAcc but for risperidone's effects on the metabolite of 5- 
HT, i.e., 5-hydroxyindoleacetic acid (5-HIAA). Both low and high dose 
risperidone (0.2 mg/kg s.c. and 2.0 mg/kg s.c.) were studied with similar 
results. The results were interesting in that the increase in 5-HIAA 
concentrations, up to 20% above baseline, were time-dependent (Hertel et 
al., 1996). The results of the present studies showed that the increase in 5- 
HT release in NAcc after risperidone, also increased during the time course, 
up to about 60%. These data are interesting in that there may be an 
implication of decreased 5-HT turnover after risperidone. 

[0150] The present results are also in agreement with another report 
which showed that risperidone at a dose range of 25-400 ug/kg i.v., 
increased 5-HT efflux locally in 5-HT somatodendrites, consequent to 
decreased activation of 5-HT 1A autoreceptor mediated cell firing in 5-HT 
somatodendrites (Dorsal Raphe (DR)) (Hertel et al., 1997b). This latter 
report suggests that the availability of 5-HT in somatodendrites provides a 
plausible mechanism for increased 5-HT release after risperidone since the 
5-HT depletor, parachlorophenylalanine (PGPA) also depresses 5-HTi A 
firing, in DR somatodendrites (Hertel et al., 1997b; Hertel et al.; 1998). In 
addition, other nerve terminals in the DA-ergic mesocorticolimbic neuronal 
circuitry, PFC, exhibited increased 5-HT concentrations after risperidone 
administrations (Hertel et al., 1997a; Ichikawa et al., 1998; Hertel et al., 
1999). 
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[0151] Finally, since direct receptor acting 5-HT2/vc autoreceptor 
agonists, such as DOI K+/-)-2,5-dimethoxy-4-iodoamphetamine 
hydrochloride], decrease 5-HT release in PFC (Wright et al., 1990) and 
direct receptor acting 5-HTzac receptor antagonists increase 5-HT release in 
NAcc (Devaud et al., 1992), another plausible mechanism of a 5-HT-ergic 
increase in NAcc is 5-HT2A/C mediation of 5-HT release.by direct acting 
autoreceptor antagonist action in DA mesolimbic neuronal circuitry. 

[0152] Risperidone Behavior: It is believed that this is the first report 
on the behavioral effects of risperidone preclinically; thus, we are without 
comparison in this area. However, we found that the open-field behaviors of 
locomotion and stereotypy were affected insignificantly by risperidone 
although there was an increase in frequency of counts over baseline in the 
first hr. 

[0153] Subacute Studies: During the 24 hr follow-up studies, when no 
further drug was administered, risperidone produced a significant increase in 
5-HT release in NAcc. This is an exciting finding as increased 5-HT release 
in the DA-ergic mesolimbic pathway could be beneficial for treatment of 
schizoaffective disorders, which includes depressive components. The 
increase in 5-HT, which appears to be specific to 5-HT, may be explained by 
5-HT 1A autoreceptor inhibition presynaptically since risperidone is still 
present due to the prolonged half-life of risperidone's metabolite, 9- 
hydroxyrisperidone (Mannens et al., 1993). Dopamine and locomotion 
returned to baseline but stereotypy, an A 9 behavior (Kelly et al., 1975), 
increased above baseline. 

Cocaine: 

[0154] Acute Studies: Cocaine exhibits a high affinity for DA, 5-HT 
and NE transporters and via these transporters, reuptake of monoamines 
into presynaptic nerve terminals is inhibited (Koe, 1976); interestingly, 
certain subjective reward and jittery effects from cocaine have recently been 
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associated with these monoamine transporters (Hall et ah, 2002). Too, the 
mechanism of action of cocaine has been shown to be dependent on 
stimulated release mechanisms (Ng et al., ,1991) and on basal release 
mechanism using the DA impulse flow inhibitor, yBL (Broderick, 1991b). 
Nonetheless, although cocaine is a DA reuptake inhibitor and not a direct 
receptor acting agonist, enhancement of DA neurotransmission may also be 
provided adjunctly through indirect activation of DA receptors, i.e. f Di and D 2 
(Spealman et al., 1 992; Wise, 1 995). 

[0155] Therefore, as expected and consistent with previous data from 
this laboratory and others, cocaine produced significant increases in 
synaptic DA concentrations in NAcc (de Wit and Wise, 1977; Church et al., 
1987; Ritz et al., 1987; Bradberry and Roth, 1989; Hurd and Ungerstedt, 
1989; Kalivas and Duffy, 1990; Broderick, 1991a,b; Broderick, 1992a,b; 
Broderick et al., 1993, Broderick and Piercey, 1998b). It is well accepted that 
the DA mesolimbic neuronal pathway, from VTA to NAcc is critical for the 
action of cocaine as intra-NAcc administration of cocaine into this area 
mimics among other cocaine behaviors, reinforcing effects (McKinzie et al., 
1999), discriminative stimuli (Callahan et al., 1994) and consistent with the 
present data, the hyperiocomotive effects of systemic cocaine (Delfs et al., 
1990). Attenuation of psychostimulant behaviors is generally thought to be 
via DA2 receptors postsynapticaHy. 

[0156] Consistent with previous data from this laboratory and others, 
cocaine produced its expected increases in synaptic concentrations of 5-HT 
in NAcc (Broderick, 1992a; Broderick, 1992b; Broderick et al. 1993; 
Bradberry et al. 1993; Essman et al., 1994; Parsons et al., 1996; Tenaud et 
al., 1996; Broderick et al., 1997; Reith et al., 1997; Broderick, 2001; 
Andrews and Lucki, 2001), in concert with locomotor arid stereotypic 
behavior (Broderick, 2001). The data are in agreement with others in that 5- 
HT-ergic agonist manipulations, such as 8-OH-DPAT, have been shown to 
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upmodulate cocaine-induced psychostimulant behavior (De La Garza and 
Cunningham, 2000). In other types of 5-HT manipulations such as the 
animal model of 5-HT deficiency, i.e., the Fawn-Hooded rat, cocaine- 
induced increases in 5-HT release were attenuated (Hope et al., 1995). 
Finally,, blockade of cocaine-induced hyperactivity has been attributed to 
postsynaptic antagonism of several 5-HT receptor subtypes, i.e., a 5-HT 4 , 5- 
HT2A and 5-HT2C receptor mediation in NAcc (McMahon and Cunningham, 
1999; McMahon and Cunningham, 2001; Filip and Cunningham, 2002). 

[0157] Consensus on the mechanism of action of cocaine on DA and 
5-HT release in NAcc with concomitant psychostimulant behavior implicates 
a postsynaptic 5-HT-ergic modulation of DA in the DA-ergic mesolimbic 
circuit. Cocaine sensitization mechanisms show that 5-HT2A receptors 
mediate DA release in NAcc (Yan et al., 2000). But further teasing apart of 
the 5-HT2A versus 5-HT 2 c receptor activation came from studies with the 
selective 5-HT2A antagonist, 463499B, versus the selective 5-HT 2 c 
antagonist, RS 102221. The studies showed that the 5-HT2A antagonist, 
(Lucas and Spampinato, 2000) did not block (DOI) increases in DA release 
but the 5-HT 2 c antagonist did so (McMahon et al., 2001). Thus, perhaps, 
increased DA release by cocaine as well as its closely correlated 
psychostimulant behavior, may be a postsynaptically mediated phenomenon 
by 5-HT2C receptors with additional DA release derived presynaptically from 
DA somatodendritic 5-HT2A autoreceptors activation in VTA with consequent 
feedback compensation (Filip and Cunningham, 2002), 

[0158] Subacute Studies: During the 24 hr follow-up studies, when no 
further drug was administered, the cocaine group showed an overall 
significant decrease in DA release in NAcc and significant decreases in 5- 
HT release during specific points in the time course data. These data are in 
agreement with others (Parsons et al. 1995; Parsons et al. 1996; Broderick 
et al., 1997). Since the behavioral activity increased at the same time that 
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accumbens DA and 5-HT release were decreased, these subacute 
withdrawal data show that dissociative function between behavior mediated 
postsynaptically versus what is likely a monoamine deficiency 
presynaptically perhaps via autoreceptors. Thus, the data may help 
elucidate pharmacotherapeutic strategies which may provide beneficial 
responses on the neurochemical level without affecting already beneficial 
responses on the behavioral level, such as those seen here. 

[0159] The present data are consistent with patient reports of 
withdrawal symptoms including craving, which from the clinical perspective, 
has been associated with reduction in DA neurotransmission (Blum et ah, 
1989). Craving is such an important issue to address because craving for 
cocaine can reemerge, even months or years after the last episode of 
cocaine use; in fact, cocaine craving can occur in association with affective 
(mood) states either positive or negative symptomotologies, geographic 
locations, specific persons or events, intoxication with other substances or in 
the presence of various objects directly or indirectly connected with cocaine 
use (Dackis and Gold, 1985; Gawin and Kleber, 1986b; Blum et al., 1989). 

[0160] Therefore, the clinical data suggest that cocaine-induced 
neuroadaptation occurs; cocaine-induced neuroadaptation has been 
reported preclinical^ (Koob and Nestler, 1997, Broderick, 2001). It is of 
particular importance to show neuroadaptation by cocaine because, unlike 
amphetamine, neurodegeneration and neurotoxicity is difficult to prove 
empirically (Ryan et al., 1988; Seiden and Kleven, 1988). Since 5-HT 
release is also decreased below baseline, the data also suggest a 
biochemical basis for clinical depression observed in cocaine addicts during 
withdrawal (Price et al., 2001). 

[0161] It is not likely that active metabolites that play a role in 
decreased DA and 5-HT release in NAcc during withdrawal from the single 
injection of cocaine. Although there are active cocaine metabolites e.g., 
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norcocaine and benzoylecgonine in rat brain (Misra et aL, 1974a; Nayak et 
al.,1976) the pharmacokinetic half-lives of these metabolites are short-lived. 
Indeed, the pharmacokinetic half-life of cocaine is short-lived (Nayak et al., 
1976). The elimination half-lives of cocaine and norcocaine after bolus 
injections (e.g., 14.7 umol/kg) are similar (28-33 min)and for 
benzoylecgonine was 40-44 m in (Mets et al,, 1999). In addition, even 
benzoyl methyester exhibited a half-life of 60-71 min. (Mets et al., 1999), 
After i.v. and p.o. cocaine, (20-40 mg/kg), norcocaine was not detected at 
all in brain after i.v. cocaine but serum levels were as high as those of oral 
cocaine (Sun and Lau, 2001). In a landmark paper, (Nayak et al., 1976) i.v. 
cocaine was reported to have a half-life of 0.5 hr, and for s.c. that of 4 hrs, 
whereas that of i.p. cocaine can be extrapolated to approximately 2 hrs. 
Since the withdrawal subchronic studies took place approximately 24 hr 
after drug, it is reasonable to assume that virtually neither cocaine nor its 
principal active metabolites could play a role in the decreased effect seen in 
the monoamines. However, one may speculate that toxic metabolites, 
norcocaine nitroxide from norcocaine is a possibility (Kloss et al., 1984); 
since behavior recovered though, this does not seem likely. Finally, 
neuroadaptation as a prelude to neurodegeneration might lend an 
explanatory note (Koob and Nestler, 1997; Broderick, 2001). 

Rispehdone/Cocaine: 

[0162] Acute Studies: The present studies are the first to report the 
effects of the atypical antipsychotic medication, risperidone, on accumbens 
DA and 5-HT release and simultaneous psychostimulant behavior induced 
by cocaine; Therefore, we have no comparative data in this area. 
Nonetheless, our results showed that risperidone significantly antagonized 
cocaine-induced enhancement in DA release albeit only during the first hr. 
Cocaine-induced enhancement of 5-HT release was blocked during both hrs 
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of study, while at the same time, risperidone antagonized the psychomotor 
stimulant behaviors of locomotion and stereotypy produced by cocaine. 
[0163] Curious are the data gleaned during the second hr of the 
combination risperidone/cocaine study. Dopamine release induced by 
cocaine, was not completely blocked in the second hr of study, but blockade 
of 5-HT release and psychomotor stimulant behaviors of iocomotion and 
stereotypy was maintained during the 2 hr period of study. At first glance, 
perhaps the pharmacokinetics of risperidone and/or cocaine may provide a 
rational explanation? In humans, the half-life of risperidone is 3 hrs for fast 
metabolizers and 20 hrs for slow metabolizers. Although we do not know the 
rate of metabolism for risperidone in the laboratory rat, we do know that the 
9-hydroxyrisperidone metabolite is active for 22 hrs and this metabolite is 
active and independent of the rate of metabolism (Janssen et al., 1988; 
Keegan et al., 1994). Conversely, the half-life for cocaine is about 2 hrs after 
i.p. injection and metabolites' half-life is less than 1 hr (Nayak et al. 1976- 
Mets et al., 1999; Sun and Lau, 2001). Therefore, pharmacokinetic data 
from both risperidone and cocaine in acute studies, show that both drugs 
are in the induction phase and these data do not lend an explanatory note to 
this phenomenon of incomplete blockade of cocaine-induced DA release by ' 
risperidone. 

[0164] Apparently specific to the DA response, one may postulate 
that risperidone ceased to block cocaine-enhanced release by triggering 
presynaptic autoreceptor action at DA or 5-HT somatodendrites. Whether or 
not, this is due to changing 5-HT-ergic modulation of DA by high dose 
risperidone due to differential S-HT^DAa receptor occupancy at this dose or 
in this neuroanatomic region, it is premature to say. Since a high dose 
risperidone maintains a nearly maximal 5-HT^ receptor occupancy (90%) 
but increases occupancy of DA 2 receptors to 70% (Leysen et al., 1993- 
Schotte et al., 1993;Meltzer et al., 1992; Sumiyoshi et al., 1994, Svartengren 
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and Celander, 1994; Sumiyoshi et al., 1995), what was expected was a 
more potent DA 2 antagonism of cocaine-induced DA release. Thus, the 
exact reason for this second hr DA phenomenon, cannot be conclusively 
derived from the present experiments and further study will provide answers 
as to whether or not this phenomenon is exclusive to the typicality of the 
high dose nature of risperidone. 

[0165] Moreover, the complexity of the receptor profile of risperidone 
should be factored into the equation. This cannot be ruled out because 
effects at the 5-HTi A receptor and inverse agonist activity at 5-HT 2 c 
receptors have been reported for risperidone (Ichikawa and Meltzer, 2000; 
DiMatteo et al. 2002, respectively), nor interaction with ai and a 2 receptors 
as well as histamine Hi receptors be ruled out because of risperidone's high 
affinity at these receptors (Janssen et al., 1988; Leysen et al., 1988; Leysen 
etal., 1992). 

[0166] Nonetheless and importantly, though, the present data may 
well help elucidate risperidone as a pharmacotherapeutic strategy for 
cocaine because this moderately enhanced DA release presynaptically may 
help allay craving for cocaine while the postsynaptic blockade response may 
reduce euphoria from cocaine (Broderick and Piercey, 1998b). 

[0167] Subacute Studies: During the 24 hr studies, when no further 
drug was administered, both DA and 5-HT release in NAcc returned to 
baseline while behavioral parameters were increased insignificantly above 
baseline. The deficiencies in monoamine release produced by cocaine 
appear to have been alleviated by the atypical antipsychotic, risperidone. 
Withdrawal deficiencies such as 5-HT were down-modulated, an effect 
which may be helpful in depression consequent to cocaine withdrawal. The 
subacute response to the combination, risperidone and cocaine treatment 
may again be reasoned by the longer half-life of the risperidone metabolite, 
9-hydroxyrisperidone (Mannens et al. 1993) and probably not the shorter 
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half-life of cocaine (Nayak et al„ 1976). Alternatively, we may invoke the 
response of DAT and SERT to risperidone in NAcc; these transporter 
proteins resist inactivation after treatment with risperidone and monoamines 
remain longer in the synapses for activation at pre and post-synaptic effects 
(Tarazietal., 2000). 

Conclusions: 

[0168] Results from in-depth in vivo microvpltammetric and behavioral 
studies on three acute and three subacute studies, involving risperidone, 
cocaine and risperidone/cocaine combination have provided the following 
pertinent conclusions, (a) Risperidone^ enhanced 5-HT release subacutely 
may prove valuable in the treatment of the depressive aspects of 
schizoaffective disorders, (b) Cocaine produced withdrawal symptoms most 
dramatically in DA and 5-HT release during subacute studies, likely due to 
neuroadaptive mechanisms, (c) Risperidone's blockade of cocaine- 
enhanced neurochemistry and behavior during acute studies, and 
amelioration of cocaine withdrawal effects, subacutely, suggests that 
risperidone may present a viable pharmacotherapy for cocaine addiction, 
psychosis and withdrawal. 

Abbreviations: 

[0169] Some terms used in the instant disclosure have been 
abbreviated herein as follows; activity pattern monitor (APM); ascorbic acid 
(AA); bovine serum albumin (BSA); dihydroxyphenylacetic acid (DOPAC); 
[(+/-) - 2,5-dimethoxy-4-iodoamphetamine hydrochloride] (DOI); dopamine 
(DA); Dorsal Raphe (DR); Extrapyramidal Symptoms (EPS); gamma- 
butyrolactone (yBL); homovanillic acid (HVA); [R(+)-8-hydroxy-2-(di-n- 
propylamino)-tetralin] (R(+)-8-OH-DPAT); 5-hydroxyindoleacetic acid (5- 
HIAA); Institutional Animal Care and Use Committee (IACUC); mesolimbic 
pathway; mesocorticolimbic neuronal pathway (A™); nigrostriatal neuronal 
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pathway (A 9 ); norepinephrine (NE); Nucleus Accumbens (NAcc); 
phosphotidylethanolamine (PEA); picoamperes (pA); Prefrontal Cortex 
(PFC); Raman Resonance (RR); serotonin (5-HT); silver/silver chloride 
(Ag/Ag/CI); Subacute studies (24 hr follow-up studies); Surface Enhanced 
Raman Spectroscopy (SERS); tyrosine hydroxylase (TH); uric acid (UA); 
Ventral Tegmental Area (VTA); ventrolateral Nucleus Accumbens (vINAcc). 
affinity constant (Ki); [cis-(+)-1S, 2R-5 methoxy-1 methyl-2-(n-propylamino)- 
tetralin HCL] (AJ76); American Psychiatric Association (APA); dopamine 2 , 3 
receptors (DAD^); dopamine transporter protein (DAT); Effective Dose 
[50%] (EDso); Extrapyramidal Symptoms (EPS); parachlorophenylalanine 
(PCPA); serotonin transporter protein (SERT); Single Photon Emission 
Computerized Tomography (SPECT); Striatum (Str); subacute studies (24 hr 
follow-up studies). 

[0170] The following citations provide helpful background information 
and are incorporated herein in their entirety by reference. 
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